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Individuals who are related through one or more common 
biological ancestors are called consanguineous relatives. 
Marriage between two persons having at least one common 
ancestor is said to be consanguineous. In human population 
marriage largely regulates mating and consanguineous 
marriage thus leads to inbreeding. In a strict sense 
however, inbreeding occurs in the offspring of consangui-
neous parents. Concisely^ inbreeding is the genetical 
consequences of consanguineous matings. 
Muslims in India and the world alike practice 
consanguinity in greater or lesser extent occording to the 
religious sanction, traditions and customs prevalent. 
Muslims of Aligarh city also practise such marriages in 
sizable number. 
T h e purpose of the present study is to further 
elucidate the effects of genotypic differences between 
homozygotes and/or between homozygotes and heterzygotes of 
involved genes of multilocus system determining various 
characters viz., (i) anthropometric (ii) Psychometric (iii) 
Physiometric and (iv) dermatoglyphic variations in the 
Qureshi Muslims of Aligarh city, Uttar Pradesh. A sizable 
proportion among the Muslims of Aligarh city are of Ansari 
(Weaver) and Qureshi (meat seller) groups. 
Therefore, individuals of relatively higher degrees of 
inbreeding (as measured by F) indicating a greater 
proportion of homozygous loci are compared v/ith those 
having lower degrees of inbreeding. of the 
two groups can also be influenced by genes rather than 
genotypes and also by the environmental variations v/hich 
influence the phenotypic manifestation. It is ^ therefore, 
necessary, to minimise the extraneous influences of gene 
frequencies and environmental factors between the comparable 
groups as much as possible. In human population (in which 
controlled experimental breeding is not possible) the only 
possible way of controlling for genes and environments 
together is to draw samples of different specific degrees of 
inbreeding from an endogamous populations representing only 
a single gene pool and individual cases of pairs from close 
relatives as far as practicable. From this point of view the 
Qureshi population of Aligarh City provides a model for such 
studies. There is another advantage in selecting the Qureshi 
population of Aligarh City. In other population studies 
done so far, familial aggregation of consanguineous 
marriages leading to such marriages in successive 
generations make it difficult to obtain adequate samples 
having the uniform degrees (F) of inbreeding. The same 
phenomenon also arises in the way of having sizable samples 
with suitable control for genetic and environmental 
variation. Therefore, the endogamous Qureshi population was 
selected for focussing the impact of inbreeding on certain 
quantitative traits. 
The school going boys and girls v;ere picked up from the 
Qureshi consolidated mohallas (colonies) for assessing their 
different measurements. The total number of subjects were 
distributed agev/ise from 6 through 11 years. The age was 
determined to nearest birth date from the school registra-
tion book. All the children were apparently healthy at the 
time of examination. The measurements were taken during the 
school hours in the leisure periods and sometimes also at 
home through subsequent visits. 
The coefficient of inbreeding (F) among offspring for 
autosomal genes were calculated from the pedigrees data 
using slightly modified Wright's formula referred to the 
thesis, in which (F ) seems to be zero in all cases. The 
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subjects included the offspring of first cousins (16), of 
first cousins once removed (ICl), of second cousins (2C) and 
of unrelated spouses (NI) from the same population with 
matched control. 
Total 1182 (690 male, 492 female), 1244 (641 males, 603 
female), 3015 (1527 males, 1488 females) and 726 (356 
males, 370 females) subjects were measured for anthropome-
tric traits (viz., body weight, sitting height, standing 
height, chest circumferences, head length, head breadth and 
head circumferences). Psychometric traits (viz. performance 
IQ, verbal IQ and full scale IQ), physiometric traits (viz., 
systolic, diastolic and mean arterial blood pressures) and 
finger dermatoglyphics respectively for the present study. 
The detailed break up of the sample size are referred in the 
section 3.3 and onwards. The details of statistical 
procedure are given in the section 3.7. 
The detailed findings are presented and discussed in the 
following thesis, and the limitations are also highlighted. 
The results of the inbreeding effects on quantitative 
traits obtained in the present study is brought together to 
review possible mechanisms of phenotypic changes and further 
the knowledge of genetics of the traits derived from them. 
The results, analysis and interpretation of the data are 
based on : (a) the change of mean with F (b) linear and non-
linear components of the change of mean with F (c) magnitude 
of co-trelation and linear regression (d) estimation of 
inbreeding depression (e) change in standard deviation (SD), 
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variance (V) and squared coefficient of variance (CV) (f) 
frequency distribution and percentile growth/development 
curves-of quantitative variables. From the above analysis, 
the overall trend and the salient features of the work and 
the mechanism and genetic implications of the inbreeding 
effects are briefly mentioned under following items: 
(1) An over all significant reduction of means have been 
observed in inbred series for traits like seven 
anthropometric measurements and three intelligence 
quotients, which indicate the appreciable inbreeding 
depression especially among the offspring of first 
cousins. Besides the limitation^ some difference in 
socio-economic status (SES) scores could be possible 
between the samples from different inbreeding classes, 
however, the occupational homogeneity of the sample 
suggests that social class is not an important conco-
mittant factor. 
Results of blood pressures and finger print patterns 
in the present study show an opposite trend of 
inbreeding effects in comparison to other traits. A 
significant elevation of mean v;ith inbreeding is 
observed for systolic, diastolic and mean arterial 
blood pressures for both sexes and in almost every age 
group. Therefore, elevation of means of blood pressure 
due to inbreeding amounts to reduction of physiological 
performance which does not have selective values. The 
consistent increase of blood pressures with inbreeding 
in the children of different age groups suggests that 
some recessive genes may be the cause for higher 
pressures, the importance of genetic component of blood 
pressure is clearly seen in the connection of the 
present observation. 
The approach which is utilized in the present study 
of inbreeding effects on finger dormatoglyphics has an 
immense importance for genetic study because this 
trait is not influenced by any environmental factor. 
The present results of slight but non-significant rise 
of mean trNF suggest the possible involvement of non-
dominant genes for different finger patterns, if 
present, must be small. The present analysis of the 
data shows an increase of extreme pattern and symmetry 
of fingers dermatoglyphics, which are of value in 
detecting individuals homozygous for the respective 
genes. 
2. On the whole, relatively greater amounts of inbree-
ding effects are apparent among all measures of 
intelligence quotient and blood pressures compared to 
the anthropometric or dermatoglyphic traits. 
3. The general trend of the results in different age 
groups in both sexes and matched data of different F , 
suggest a consistency of the effect of recessive genes 
of different kinds for traits v/ithin the age-range at 6 
to 11 years. 
4. The change of mean for different traits, is however^ 
not alv/ays proportional to the degree of inbreeding. 
The linear and non-linear components of inbreeding are 
mostly significant in both sexes in all age groups. 
5. From the analysis of the data, it may be assumed 
that inbreeding has intensified natural 
selection. 
6. A non-linearity of the increase of pattern intensity 
and the proportion of whorl patterns of fingers with 
inbreeding have been found in the present study. The 
non-linearity is more pronounced among the females in 
which the average effects of inbreeding on mean trNF is 
greater than males, which indicate the additional 
influence of X - linked inbreeding in females. 
7. Besides the sample fluctuation, the present results 
shov7 an increase of variance with degree of inbreeding. 
8. The percentile curves do not reflect any change with 
inbreeding in the mean magnitude of annual growth in 
physical measurements studied or in that of annual 
development of blood pressure. 
9. The frequency distribution of different anthropo-
metric and psychometric traits indicates an increase in 
frequencies of lower values with inbreeding. On the 
other hand, inbreeding leads to an increased frequency 
of blood pressure in the higher range. This analysis 
confirms the suggestion of recessive genes to be 
contributing to lower values of anthropometric and IQ 
measurements and that for higher values of blood 
pressures in these children. 
10. Dermatoglyphic patterns on fingers, however, clearly 
show a segregation of homozygotes for both high and low 
intensity patterns i.e., v/horls with two triradii and 
archs with no triradii. The patterns with one triradii 
as a whole, are reduced with inbreeding, consistently^ 
in each sex. 
Therefore, it may be concluded here that the results of 
comparative studies of inbreeding effects, especially on 
mean and distribution of traits, appear to open further 
possibilities of using inbreeding studies for the genetic 
analysis of quantitative traits, such as to find out the 
amounts of recessive effects of genes for different traits 
and the genotype and gene frequencies of the traits in the 
population. 
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inbred groups of either sex. 
J4. Age specific percentiles for Chest circumference among non- ...205 
inbred and inbred groups of either sex. 
35. Age specific percentiles for Systolic Blood Pressure of male ...206 
children with different inbreeding levels. 
36. Age specific percentiles for Systolic Blood Pressure of female .,,207 
children with different inbreeding levels. 
37. Age specific percentiles for Diastolic Blood Pressure of male ...208 
children with different levels inbreeding 
36. Age specific percentiles for Diastolic Blood Pressure of female ...209 
children with different levels of inbreeding. 
1. GENERAL INTRODUCTION AND CONTEXT OF STUDY 
1.0 Introduction 
The objective of the present thesis is to obtain 
further knowledge about (i) the effects of inbreeding on 
certain (a) anthropometric (b) psychometric (c) physiometric 
and (d) dermatoglyphic variations in a hitherto unstudied 
human population; the Qureshi Muslims of Aligarh city, Uttar 
Pradesh and (ii) the light they shed on the genetics of the 
traits studied. 
It is based on an intensive field investigation in the 
population for a period of about three years followed by 
critical analysis and interpretation of the data in the 
laboratory of the Aligarh Muslim University and the 
University of Calcutta for about two years. 
1.1 Concept of Consanguinity and Inbreeding 
Preferential mating between relatives is an important 
deviation from the model of Panmixis. Individuals v/ho are 
related through one or more common biological ancestors are 
called consanguineous relatives. In human population 
marriage largely regulates mating (Mukherjee, 1971) and 
consanguineous marriage thus leads to inbreeding. In a 
strict s e n s ^ however, inbreeding occurs in the offspring of 
consanguineous parents. Concisely inbreeding is the 
genetical consequences of consanguineous matings. 
1.2 Muslim Traditions about Marriages 
The Muslim populations all over the world have 
generally been found to practise consanguineous marriages 
between first cousins and more distant relatives. However, 
* 
according to the precepts of the Holy Quran , a Muslim male 
is prohibited to have incestuous marriage between first 
degree relatives of the following types : mothers/ 
daughters, sisters, foster mother (who gave s u c k l e f o s t e r 
sisters, wives' mothers. 
1.3 Reasons for Consanguineous Marriages 
The reasons for consanguinity are suggested to be for 
economic and social purposes. In the studies done in Andhra 
Pradesh (Dronamraju and Meera Khan, 1963a), five reasons are 
reported for preferring consanguineous marriages : (a) to 
keep the cultivable land in larger subdivisions for growing 
food crops such as rice, (b) parental influence, (c) mutual 
knowledge of families, (d) economic benefit, & (e) the 
extreme youth of the brides. According to Centerwall and 
Centerwall (1966) it is practised in order to minimise the 
amounts of dowry to be given in the same social status. 
Beyond these reasons, among the Muslim groups^ the 
marriage is influenced by religious injunctions. Another 
reason for these unions is to maintain the purity of blood. 
Besides this, the other fact is to retain the family 
* The Holy Quran; IV, 23 
property as in Islam the girls are owner of the fixed 
portion from the landed family property. Further, it is 
easier to select an eligible girl from one's ovm family as 
compared to others. 
1.4 Types of Consanguinity 
Consanguineous marriages are of many types (Morton, 
1961). The children, having same parent are called 'sibs^ 
their children are the first cousins and their grand 
children are the second cousins, children with one common 
parent are half-sibs. The child of one's first cousin is 
called as one's "first cousin once removed" and the grand 
child of one's first cousin is one's "first cousin twice 
removed". Thus many combinations of relationships between 
spouses are theoretically possible. Different types of 
consanguineous unions are shown in pedigrees(Plate 1). The 
closer the consanguineous relationship between parents, 
more intense is the degree of inbreeding or of autozygosity. 
1.5 Frequency of Consanguineous Marriages 
Consanguineous marriages are practised to a greater or 
lesser extent among most of the religious and ethnic groups 
of the world. However, the rate of consanguinity differs 
widely due to various socio-economic and cultural factors. 
In India, the North Indians largely shun this type of 
marriage , whereas the South Indians of Dravidian origin 
practise even uncle-niece or aunt-nephew marriages 
(Sanghvi, 1966; Mukherjee, 1972, 1992). The rate of consan-
guinity varies on factors like (a) state (b) religion (c) 
caste (d) tribe (e) language (f) occupation (g) socio-
economic stratum (h) education (i) residence (j) 
isolation (k) population size etc. (Rao, 1983). 
Over all, consanguinity is practised mainly due to lack 
of social mobility and is prominent among socio-religious 
isolates, the neoconverts and also groups with primitive 
traditions. However, a secular trend in lowering the 
consanguinity has been seen for many of the populations the 
world over (Imaizumi and Shinozaki, 1984). 
However, in the transitiona] phase the decline in the 
frequency of consanguineous marriages is not reflected in 
the change of inbreeding coefficient (Mukherjee, 1992). 
1.6 Coefficient of Inbreeding 
The offspring from the consanguineous marriages are 
called as inbred ones. The degree of inbreeding is measured 
by the coefficient of inbreeding. Two major formulations 
have been proposed for the coefficient of inbreeding. It is 
defined as (i) the probability of two homologous alleles of 
an individual being identical by descent (Haldane and 
Moshinsky, 1939; cotterman, 1940; Malecot, 19.48)^ (ii) the 
genetic correlation between uniting gametes (Wright, 1921a; 
Wahlund, 1928). 
The coefficient also measures the proportion of autozygous 
alleles (Mukherjee, 1984). 
The coefficient of inbreeding is conventionally desig-
nated by a symbol 'F' introduced by Wright, which is 
proportional to the reduction in heterozygosity due to 
inbreeding in a base population. The F^ for an individual 
is calculated by using the formula: 
F. = (1/2)'' (1 + F^) 
X a 
where n is the number of persons along the path through a 
common ancestor connecting two parental gametes and F the 
a 
inbreeding coefficient of that common ancestor (Mukherjee, 
1984). 
1.7 Genetical Significance of Inbreeding Effects 
1.7.1 Homozygosis 
Several studies have been done from time to time to 
note the effects of parental consanguinity. Parental 
consanguinity increases the frequency of homozygotes in the 
offspring at the expense of heterozygotes/ recessive and 
additive phenotypes would thus increase in frequency in the 
inbred individuals. This is true for single gene traits as 
well as multifactorial traits. In other words, inbreeding 
brings out previously hidden recessive and additive alleles 
contributing to the phenotypic variance (Crow and Kimura, 
1970) and hence it adds to the genetic variability (Jensen, 
1978, 1983). Thus, phenotypic manifestation of complex and 
quantitative biological variations contribute significantly 
to the understanding of the genetics of those traits when 
other sources of variation such as environmental variations 
are largely controlled. Such manifestation of the anthropo-
metric, psychometric/ physiometric and dermatoglyphic 
traits in inbred individuals are considered in the present 
thesis. 
1.7.2 Recessive and Additive Genes 
A carrier of a rare gene is unlikely to marry another 
carrier if mating is random, but this is more likely to 
happen if he marries a consanguineous relative. The propor-
tion of the affected person in the population due to 
inbreeding is 
q(l-q) + a q + O 
where, q = frequency of rare gene in the given population, 
® = frequency of the affected persons in the population in 
the absence of inbreeding. Dahlberg (1948) made these 
considerations on the basis of an estimate of the recessive 
gene frequency. 
C (15q + 1 ) C (1 - K) 
K = and q = 
(C + 16q - qC) (16K - 15C -CK) 
where K = proportion of affected persons whose parents are 
first cousins. Therefore, the study of inbreeding has been 
useful in detecting rare recessive genes. 
A limited number of studies on inbreeding effects on 
quantitative traits in man have been conducted. So, much 
scope of discovering genetic backgrounds of physical, 
physiological and behavioural characters and also their 
genotypic variations exist and, where possible^ it leads to 
identification of the homozygotes for recessive or additive 
genes. The present investigation is concentrated onto these 
problems. 
1.7.3 Morbidity and Mortality 
Due to increased homozygosity of recessive genes in the 
inbred individuals, morbidity and mortality have been found 
to increase with -increase of inbreeding. Increased 
prenatal, infant, child and adult mortality and also 
morbidity causes enhanced selection with inbreeding 
(Elderton, 1911; Morton and Hussels, 1970; Mukherjee, 1974 
1984; Mukherjee and Bhasker, 1974; Rao and Mukherjee, 1975; 
Rao and Inbaraj,1977b; Afzal, 1984; Chitty and Winter, 1989; 
Gillies ^ al., 1984; Reddy 1992). 
1.7.4 Fertility and Sterility 
Divergent views are held by various investigators who 
have explored the relationship of inbreeding to fertility 
and sterility. Some authors (Bemiss, 1958; Arner, 1908; 
Slatis et ., 1958), conclude that inbreeding does not 
influence fertility while increased infertility can be seen 
(Eaton and Mayer, 1954; Cross and Mckusick, 1970). The 
proportion of sterile females increased in consanguineous 
marriages (Sutter and Tabah, 1952; Book, 1957; SJatis et al. 
1958). But this phenomenon is not directly correlated with 
the degree of inbreeding or the deliberate use of birth 
control measures (Sutter, 1958; Schull, 1959). In general, 
the higher fertility rates have been reported among females 
in consanguineous marriages than non-consanguineous in 
Hiroshima and Nagasaki (Schull and Neel, 1965); Hirado 
(Schull ^ 1970); Egypt (Hussien, 1971); Brazil 
(Freire-Maia and Azevedo, 1971); India (Reid, 1973; 
Mukherjee, 1974, 1984; Mukherjee ^ , 1977; Afzal and 
Sinha, 1984; Afzal, 1984). This high fertility may reflect 
the role of reproductive compensation (Schull et al., 1970; 
Reed, 1971; Mukherjee ^ , 1977) or a difference of 
interspouses' relationship between the consanguineous and 
non-consanguineous individuals (Reid, 1973). 
1.7.5 Genetic Load 
Studies on consanguineous marriages indicate that most 
individuals in a population are heterozygous for one or more 
of the recessive genes which would become homozygous, and 
would cause severe impairment or death with inbreeding. One 
measure to assess the magnitude of morbidity and mortality 
of the gene pool of a population is known as genetic load 
(Morton, 1982). There are various forms of genetic loads, 
such as expressed genetic load, total genetic load, segrega-
tional load and mutational load. Consangunity thus adds to 
the segregational load. The inbreeding data from human 
population have been used to estimate the average number of 
harmful genes per individual by several authors (Slatis, 
1954; Penrose, 1957). The estimates of heterozygous 
deleterious genes per zygote calculated from consanguinity 
effect, range from 2 to 9 (Scott Emuakpor, 1974). They have 
been fitted on a linear regression equation to the negative 
logarithm of the surviving proportion of the inbred for F. 
-log P = A + BF to derive lethal equivalents between B 
s 
and A + B . 
1.7.6 Selection Intensity 
Mutations are generally detrimental and dominant 
mutations are eliminated rapidly whereas harmful recessive 
mutations accumulate in the population (Stern, 1960; Bodmer 
and Cavalli-Sforza, 1976). Inbreeding thus leads to 
increased selection intensity by furthering the elimination 
of recessive harmful genes. 
The practise of repeated inbreeding through generations 
may cause the decline of harmful genes as suggested by 
Sanghvi (1966) through mathematical logic on the assumption 
of no fresh mutation and absolute genetic isolation of 
population. The condition, however, may not strictly 
prevail in human population. 
However, several Indian studies have confirmed that the 
frequency of malformation and mortality rates increase in 
inbred groups of any endogamous population (Dronamraju and 
Meera Khan, 1963b; Centerwall and Centerwall, 1966; Kumar 
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et al., 1967; Chakravarti, 1969; Jacob and Jayaball/ 1971; 
Murthy and Jamil, 1972; Reid, 1973; Mukherjee, 1971, 1974; 
Mukherjee et £ l • ' 1977; Mukherjee and Bhasker, 1974; Rao 
and Mukherjee, 1975; Basu,1975; Ghose and Majuinder,1978; 
Reddy and Rao, 1978; Reddy, 1985; Rao and Inbaraj, 1979; 
Ansari and Sinha, 1983), although this increase is not 
always significant (Notani et al^., 1968; Arner, 1908; 
Slatis et al., 1958). 
1.8 Studies on Consanguinity 
Theoretical and empirical studies on inbreeding are 
available from different parts of the world, and for 
different human populations since long back. Direct experi-
mental studies are not possible among humans, however, 
these are widely reported in plant and animal literature. 
These studies are concerned with various aspects of 
inbreeding on a smaller or larger scale. On the whole the 
follov/ing trends can be traced in the general survey of 
literature. 
1.8.1 Outside India 
Theretical works are accredited to mathematicians of 
the evolutionary school (Fish, 1914; Jennings, 1916; Wright 
1931, 1951; Haldane and Moshnisky, 1939; Cotterman, 1940; 
Malecot, 1948; Li, 1955; Falconer, 1960; Crow, 1954; Kimura 
and Crow, 1963). Survey on the levels of consanguinity are 
available from various countries of Europe viz., France 
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(Boudin, 1962; Wultz, 1925), Scotland (Mitchel, 1965), 
England and Wales (Shield and Slater, 1956; Bundey et al., 
1990), Germany (Mulhal, 1892), Italy (Cavalli-Sforza, 1956), 
Ireland (Cameron, 1883), Austria (Orel, 1932), Sweden 
(Fraccaro, 1956), Switzerland (Ruepp, 1935), Denmark (Kemp, 
1950), Holland (Sutter and Tabah, 1948) Spain 
(Pinto-Cisternas et al., 1985), Northern Ireland (Kilpatrick 
et 1955), Japan (Neel ^ al., 1949; Schull, 1953), 
U.S.A. (Arner, 1908; Estarbrook and M c D o u g l e , 1926; Woolf 
^ , 1956; Brown, 1951), Canada (Miner, 1939), Argentina 
and Uruguary (Friere-Maia, 1957b), Brazil (Friere-Maia, 
1952, 1954, 1957a), Jamaica (Davenport and Steggerda,1929, 
Doran, 1942), The literature is extensively reviewed in 
Friera-Maia (1982) and more recently by McCullough and 
Rourke (1986) pointing toward highest local rates of 
inbreeding in Brazil, Japan, Israel (Freundich and Hino, 
1984) and India, with lower frequencies in the U.S.A., and 
European countries. Studies have been done in Venezuella 
(Pineda et al., 1985). 
Muslim populations in third world countries have been 
covered more recently viz., Kuwait (Al-Awadi et , 1985), 
Turkey (Basaran et , 1988), Sudan (Saha and Shaikh, 
1988), Egypt (Hafez ^ al., 1983), Lebanon (Kalostian ^ 
al., 1980) and Pakistan (Shami and Siddiqui, 1984; Shami and 
Mahmood, 1986; Shami, 1985). Some data are available on the 
effects of incestuous unions in the west, namely U.S.A. 
(Adams and Neel,1967;Adams et al.,1967;Carter,1967;Seemanova, 
1971) . 
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1.8.2 India 
Intensive investigations on various rural populations 
have been done in India also, in t^e Maharashtra and Andhra 
Pradesh (Sanghvi, et , 1956; Sanghvi, 1966; Dronamraju 
and Meera Khan, 1961a,b; Dronamraju, 1964, 1967; Stevenson 
et al., 1966; Ali, 1968; Veer Raju, 1973; Srinivasan and 
Mukherjee, 1976; Roy Chowdhery, 1976; Rao, 1978, Rao et al., 
1971, 1972; Rao and Inbaraj, 1977a,b, 1980). Reviews of the 
results of such studies have also been attempted (Sanghvi, 
1966; Mahapatra, 1966; Chakravarti, 1968; Badaruddoza and 
Afzal, 1992). Studies on morbidity and clinical aspects were 
made_by Verma (1980), Devi / (1987), Sinclair (1972), 
Joshua (1974), Centerwall and Centerwall (1966). Reports are 
also available from Central India (Goswami, 1970), Northern 
and Eastern parts and also among the various caste and 
tribes (Karve, 1957; Yadav, 1968; Ghosh, 1972; Malhotra, 
1967; Mukherjee, 1974). 
1.8.3 Indian Muslims 
Studies among Muslims have been scarce, though muslims 
practise inbreeding in India and abroad. Reports are 
available from Northern and Eastern parts of India mainly 
Uttar Pradesh and Delhi (Basu and Roy, 1972; Basu, 1978; 
Afzal and Badaruddoza, 1990; Badaruddoza, 1990), Kashmir 
(Kashyap, 1978), Bihar (Ansari, 1980; Afzal and Sinha, 
1983a,b, 1984), West Bengal (Barua, 1976; Haq, 1976, 
Mukherjee, 1992), Rajasthan (Basu, 1975) among Shia, Sunni, 
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Ahmadia and of different biradaris, mainly Sayyad/ Pathan, 
Shaikh, Bohras, Ansari etc. Studies in Madhya Pradesh 
(Goswami, 1970), Kerala (Ali 1968), Tamil Nadu (Rao and 
Inbaraj, 1977a,b), Andhra Pradesh (Sanghvi, 1966; Mukherjee 
and Bhasker, 1974) have been done alongwith other 
communities. 
1.9. Studies on Inbreeding Effects on Quantitative Traits 
Quantitative genetics in man has been mainly confined 
(i) to the estimate of components of variation due to 
additive gene heritability, non-additive genes and 
environmental influence and (ii) to'the identification of 
segregation at single loci (Harris and Kalmus, 1949, Harris, 
1966; Mukherjee and Rao, 1976). Most of the studies are 
based on correlation, between relatives. The high correlation 
only suggests but does not confirm strong genetical 
influence on a trait (Murphy, 1979; Mukherjee, 1984). 
The analysis based on correlation does not throw light 
on the genotypes, positive or negative effect of genes and 
dominant/recessive epistasis between loci (Mukherjee, 1984). 
Even the new application of path analysis (Bock, 1979; Rice 
et al., 1990; Roberts et al., 1978) fails to throw light on 
such phenomenon. Therefore^ inbreeding effect on quantitative 
traits provide yet another approach to study these processes. 
1.9.1 Inbreeding Depression 
The most striking consequence of inbreeding is the 
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reduction of the mean values shov/n by characters connected 
with reproductive capacity/ reduction of body size, delay of 
development or functional impairment known as inbreeding 
depression. The inbreeding depression had first been 
observed in plants (Jenning, 1916; Jones/ 1924) and animals 
(Falconer, 1960, Pirchner, 1969). The characters that form 
an important component of fitness, such as litter size, 
lactation in mammals, egg number in poultry show a 
sensitivity to inbreeding (Falconer, 1960). Significant 
inbreeding depression of particular traits has been obtained 
in Japanese children and adults among the Japanese 
y 
Hutterites, Egyptian Nubians, Italians and Brazilian 
immigrants. The heights of French children also decline in 
areas in which the inbreeding coefficient (F) is high. 
1.9.2 Elevation of Means 
Certain quantitative characters show a consistent 
increase of mean under inbreeding such as fat content of 
milk in cattle, egg size of poultry, age at menarche in 
girls, systolic and diastolic blood pressure in human 
beings (Table II). Recognition of change of mean on either 
direction as a result of inbreeding is important for using 
these results for study of genetics of the traits. 
1.9.3 Heterosis 
Complementary to the phenomenon of inbreeding depression 
is its opposite, 'hybrid vigour' or heterosis. When inbred 
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lines are crossed, the progeny shov/s an increase of those 
characters that previously suffered a reduction from 
inbreeding. the fitness lost on inbreeding tends to be 
restored on crossing. Heterosis is thus defined as 
inbreeding depression in reverse (Falconer, 1960). 
Heterosis may be observed mostly in farming such as egg 
production in the poulty and growth in pigs (Nordskog and 
Ghostley,1964). 
Thus heterosis, just like inbreeding depression, 
depends for its occurrence on dominance. Loci without 
dominance (d = 0) cause neither inbreeding depression nor 
heterosis. The amount of heterosis following a cross 
between two particular lines or populations depends on the 
square of the difference of 'gene frequency between the 
population. If the population crossed do not differ in gene 
frequency^there will be no heterosis and the heterosis will 
be greatest when one allele is fixed in one population and 
other in the other population. When we consider the joint 
effect of all loci together, so far as the genotypic values 
are attributable to the separate loci, they combine 
additively. If there is no change of mean in the inbred 
group, it may mean absence of dominance of genes involved in 
the traits. If some loci are dominant in one direction and 
some in the other, their effects will tend to cancel each 
other, and no heterosis may be observed, in spite of the 
dominance at the individual loci. Therefore^the occurrence 
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of heterosis depends on directional dominance and the 
absence of heterosis is not sufficient ground for concluding 
that the individual loci show no dominance. 
1.10 Theoretical Models 
1.10.1 Genetical Effects of Inbreeding on Means 
The basic model for genetical analysis of quantitative 
traits with known inbreeding levels is contained in the 
following deduction (Mather, 1949, Dickinson and Jinks, 1956 
Falconer, 1960). 
mp = ra - 2F£d.p.q. 
where m and m ^ are mean values in the absence and presence 
of inbreeding at the level F respectively, p and q are 
allele frequencies (p + q = 1) and d the phenotypic value of 
heterozygote measured from the mid-value between two 
homozygotes at a locus, and £ denotes summation over the 
involved loci assumed to be mutually additive. Thus, the 
change of mean would reflect an amount of overall dominance 
of genes affecting the trait 2 d 0. Secondly, as the 
change of mean would be in the opposite direction of the 
dominant phenotype, it would indicate whether the recessive 
genes should have positive or negative effects. If the genes 
having positive effects (which increase the value) are 
dominant, d > 0, over their alleles which reduce the value, 
inbreeding results in a depression of mean. If positive 
alleles are recessive, that is d has a negative value, the 
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mean value is elevated by inbreeding. 
Therefore the convention of searching for presence or 
absence of inbreeding depression is not so comprehensive as 
is the search for change of means in either direction, 
depression or elevation. 
1.10.2 Linear Effect 
The inbreeding effects on mean are expected to be 
linear with the inbreeding coeficient F . So that, the 
change of mean should be on a straightline when plotted 
against F (Wright, 1951; Morton, 1958). The effect of the 
trait is as follows : 
Mj = a (p - q) and - 2 E d p q = M ^ -M^ 
where M^ is the mean of homozygous population (F=l). Thus, 
Mp = MQ + (MQ - Mj)F where 0,I,F denote no inbreeding, 
complete inbreeding and intermediate inbreeding respectively 
The expression (MQ - M^ ) is the coefficient of linear 
regression of the quantitative traits on F. 
1.10.3 Non-linear Effect Due to Epistasis 
If, there is dominance of some genes at different loci 
and if there is epistasis between the loci, such as there is 
some dominance x dominance deviation, the mean value of the 
inbred series of the population will be related with the 
inbreeding coefficient in a non-linear manner (Kempthorne, 
1957), who also derives that in a random mating population 
with knov/n inbreeding coefficient F among inbred groups, the 
mean m ^ of this group, in the absence of selection, will be 
18 
given by the formula : 
Mp = M Q + FD^ + F^D^ + F^D^ + 
where, M ^ is the original mean of the randoml}^.br^pc5pulat ion 
and D, „ , are dominance deviations. 
1, 2 , J . . . n 
Crow and Kimura (1970) again clarify that if there is 
an interaction of dominance of one locus with the dominance 
of another locus (epistasis between two dominance) there 
v/ill be a diminising epistasis with inbreeding. This 
indicates that the distribution of mean measurements in 
relation to the inbreeding coefficient is concave upwards 
.as a result of positive interaction between the dominant 
genes at multiple loci. The interaction between the 
dominant genes would gradually decrease with the increase of 
homozygous recessive genotypes. 
= M^ - DF + EF^ 
r O 
where Mp is the mean of the population with F, D and E are 
the total dominance and total epistatic effects respectively 
Therefore, when E = 0 (no epistasis) the inbreeding change 
is linear on F, when E > 0 the curve of depression with F 
would be concave upwards. In conclusion, if there is 
epistatic interaction between loci, the relationship between 
the mean and the inbreeding coefficient is not linear. The 
non-linearity is due to the interaction deviation of double 
or multiple heterozygotes. The frequency of double heterozy-
2 
gotes declines in proportion to F . Therefore a s F i n c r e a s e s , 
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the rate of depression of the mean increases, if the inter-
action deviations are on average positive i.e., favourable, 
and the rate decreases if they are negative. So the interac-
tion affects the linearity, and epistasis without dominance 
cannot itself cause any inbreeding depression. Increasing 
the homozygosity for loci would reduce the inbred means by 
less than sum of their individual effects. If E < 0, when 
D > 0, the epistasis is reinforcing and the inbreeding 
depression is greater than cumulative. So this non-additive 
epistasis between dominant genes of different loci would 
give rise to an exponential curve of means for different F 
values. In the present thesis both linear and non-linear 
components of the change of means on inbreeding have been 
investigated. 
1.10.4 Effect on Variance 
As a result of inbreeding, genetic differences between 
homozygotes for different alleles become larger whereas the 
total genetic variance within the lines decreases. Similarly 
the total additive genetic variance increases. 
1.10.5 Additive Variance 
The total additive variance in the whole population is 
the sum of the within line and between line components, and 
is equal to (1 + F) times the original variance. Therefore 
the additive variance in a degree of inbreeding F,ie.Vp, 
increases by an amount equal to F (Wright, 1921b; Li, 1955; 
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Kempthorne, 1957; Falconer, 1960). 
Vp = 2j:pqa^ (1+F) = V^(l+F) 
where a is the genotypic value of the positive homozygote 
and V ^ the additive variance in the population with F = 0, 
subsequently when inbreeding is complete the additive 
variance in the population as a whole is doubled and all of 
it appears as the between line component. So there would be 
a linear increase of the additive genetic variance on 
inbreeding. 
1.10.6 Dominance Variance 
The changes in the components of variance arising from 
additive genes will have to be seen to be independent of the 
gene frequency in the base population and this would make 
the prediction of inbreeding effects on such variance 
difficult. The additive proportions of genetic variance for 
different degrees of dominance and gene frequencies show 
that the effect of dominance on genotypic variance is 
serious for the case of fully dominant genes, when recessive 
allele is at low frequency (Li, 1955). The within-line 
variance at first increases, reaching a maximum when the 
coefficient of inbreeding is a little under 0.5 as it 
remains at fairly high level until the coefficient of 
inbreeding approaches 1.0 (Robertson, 1952). Reid (1973) 
demonstrated that: 
V „ [4pq + H (2 -4p - H)] 
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where a is the genotypic value of the positive homozygote/ 
H = 2 (pq - Fpg) and p is the frequency of dominant allele 
at the locus. This equation represents the multilocus system 
of additive epistasis. Therefore on average/ the variance 
within the lines will increase in the early stages of 
inbreeding. This increase of variance would be detectable 
in practice only if a substantial part of the genetic 
variance were due to recessive genes at low frequencies. 
1.10.7 Environmental Variance 
Environmental component of variance may differ 
according to the genotype, in particular/ that inbred 
individuals often show more environmental variation than 
non-inbred individuals. Any differences of phenotypic 
variance between highly inbred lines and the F^ between them 
(hybrid) must be attributed to a difference of the environ-
mental component, because the genetic variance is 
negligible in amount among the hybrids as well as in the 
inbred lines (Lernor, 1954; Wright, 1977; Hyde, 1973). 
Therefore, phenotypic variance, V^ is not reflecting the 
genotypic variance, V ^ . But the estimates of change in Vg 
can be based on systematic change in V^ (Hogben, 1933) if 
the environmental variance V_ is independent of the genotype 
hi 
and F. Subsequently, in the genetically mixed group, the 
phenotypic variance follows the equation: V =y„ + V„+2C0V„„ p G r< . 
Substraction of the two phenotypic variances ^therefore^ 
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yields an estimate of V ^ + 2C0Vgg. Thus, neglectof a corre-
lation between genotype and environment leads to the 
covariance being included with genotypic variance. However, 
animal experiments reveal the same, because the environment 
is a direct consequence of the genotypic value (Robertson 
and Reeve, 1952; Mather, 1953; Waddington, 1957). But this 
hypothesis is less satisfactory with human intelligence 
4 
because the environmental effects on the children are not a 
consequence of their own genotypes but of their parents' 
genotypes. 
Wolanski (1974) assumes that the heterozygotes is to be 
more eco-sensitive in humans. This hypothesis suggests a 
greater environmental variation, within the non-inbred 
series of individuals than within the inbred lines. But 
these are often merely hypothetical and not yet precisely 
determinable in human or wild populations. 
1.11 Studies on Humans 
Studies on inbreeding effect on physical, physiological 
and psychological measurements have been conducted over the 
last three and half decades. But the limitations of the 
data, the objectives and interpretation in many earlier 
studies, prevent us from arriving at any firm conclusion 
about the genetical implication of their results, as pointed 
out by Mukherjee (1984). 
In all, earlier studies.specially from outside India, 
2 3 
suffered several limitations like biased sample as conscripts^ 
mixed populations, non-control of gene pool and environmen-
tal variations, unrepresentative and unequal samples from 
different degrees of inbreeding. In the previous studies^ 
most of the investigators looked for presence or absence of 
inbreeding effect instead of looking for the type of effects. 
They only considered inbreeding effects in depression of 
mean values. In fact inbreeding will naturally lead to 
homozygosity but in some cases as in the case of vital 
characters like certain enzymes (Jenkins ^ , 1985), the 
progress of homozygosis is disrupted by selection (Mukherjee 
1990b). As mentioned earlier tl>at the change of means is 
not essential for the effects of inbreeding, because there 
may be homozygous additive genes. This should not be 
interpreted as absence of inbreeding effects. As the 
characters selected, like physical measurements, are belived 
to be related to socio-economic and nutritional conditions, 
sometimes, effects of depression or lowering of means, are 
sweepingly interpreted as effects of environmental factors 
rather than due to homozygosity. 
In fact positive results have been obtained by critical 
studies avoiding or minimizing such limitation in a few 
Indian populations (Lakshmanudu, 1980; Mukherjee, 1984; 
Mukherjee, 1990a). The inbreeding effects in a few Indian 
studies have been examined also in terms of change in 
distribution and variations. 
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Therefore, there is urgent need for extending such 
studies to other populations and to further improve the 
sampling design if possible. Large samples are needed to 
get the significant difference between the groups, but at 
the same time^ large samples are unrealistic. Because the 
familial aggregation of consanguineous marriages makes only 
a few clusters of family of inbred and- non-inbred from the 
same genetic background which leads to demic subdivision 
within the population. This makes it different to obtain 
adequate samples of each level of inbreeding. Other studied 
Indian samples have not also been free from this problem due 
to the nature of the population. Therefore, there is a need 
for specific population where the consanguineous marriages 
are relatively more uniformly distributed than concentra-
ted in small section of the population. In the present stud;^ 
it has been possible to find out urban population with 
unfiformly distributed and largely homogeneous,with one socio--
economic status and genetic background. 
Studies of inbreeding effects on quantitative, 
specially anthropometric, psychometric, physiometric, 
dermatoglyphic traits are only a few in India as elsewhere 
(Mukherjee et al., 1977; Malhotra, 1979; Lakshmanudu, 1980; 
Rao and Inbaraj, 1980; Mukherjee, 1984; Agrawal et al., 
1984; Basu and Jindal, 1987; Afzal, 1988; Badaruddoza, 1990) 
This thesis provides a critical examination of the entire 
evidence of some aspects of inbreeding effects on quantitative 
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biological variations in humans^ including an illustration 
through our studies in India. This thesis will further the 
possibilities of utilizing the data for the genetic analysis 
of quantitative traits viz., anthropometric measurements; 
intelligence quotient; blood pressures and also dermatoglyphics . 
The approach for analysis of present data can also 
* 
baffle up the conventional techniques. Because all previous 
studies are chiefly concerned with the change of means of 
physical, psychological and physiological measurements 
(Table I, II) on inbreeding. 
1.12 Dermatoglyphic Genetics and Inbreeding 
That dermatoglyphic variations are not influenced by 
environmental factors other than in utero conditions is 
amply demonstrated by embryological studies (Cummins and 
Midlo, 1943), repeated examinations on same individuals^ 
initiated by Herschel, (1880) (cited in Cummins and Midlo, 
1943), and even studies on Egyptian population (Penrose 
cited in Mukhejee, 1980). The genetic background of various 
aspects of the patterns were established by biometric 
studies by Penrose (1954); Holt (1960); Mukherjee (1966, 
1967) and others. 
Knov/ledge of inbreeding effects on dermatoglyphics is 
rare in India and is so far limited to few Indian studies 
(Sabarni and Kukherjee, 1975, Mukherjee et al., 1980; 
Mukherjee, 1989, 1990a,b) in a number of populations from 
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different parts of India and provide consistent results. 
These results, suggesting homozygosity of extreme pattern 
intensities on fingers, also agree with results on studies 
on the effects of village endogamy, which shows indirect 
effects of inbreeding (Marquer and Jakobi, 1976; Mukherjee 
and Chakravarti, 1964; Loesch, 1971; Roberts and Coope, 
1972). This suggests the usefulness of inbreeding studies on 
dermatoglyphics in future advancement of the genetics of 
dermatoglyphic traits. 
Besides, there is a critical importance of the studies 
of dermatoglyphic effects of inbreeding on quantitative 
characters in general. The observed difference between 
inbred and non-inbred samples in several earlierfdaita from 
non-Indian populations failed to convince many workers about 
the genetical significance of those results due to 
concomitant socio-economic and other environmental factors 
including age. To bring home the genetic significance of the 
homozygous effects, dermatoglyphic studies on inbred and 
non-inbred samples have been found to be convenient. The 
idea that the characters with lower heritability showed 
greater inbreeding effect only in respect of the change of 
mean (depression) has to be placed in this context of 
average dominance/recessiveness of the concerned genes. 
The dermatoglyphic results of inbreeding observed so 
far have certain problems, in view of the limitation of 
adequate samples of individuals with same F-values. The 
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change of means which though consistent have only small 
amount of significance i.e., which may have lower than even 
5% probability. The present data have advantage of four 
precise degrees of inbreeding. 
1.13 Limitation of Data 
The present analysis of the data shows that inbreeding 
adversely affects the overall physical, psychological, 
physiological traits. However, some limitation to our study 
is to be noticed. It is assumed that all traits studied, 
except dermatoglyphic characters, are somewhat influenced 
by environmental factors (Cavalli-Sforza and Bodmer, 1971), 
although the investigator has taken care to control the 
socio-economic differences to a large extent. Another 
difficulty of the present study is that the sample size is 
not as large as would have been necessary to obtain 
significant effects of increased inbreeding. This is 
because the expected amount of change in means and varia-
tions on inbreeding among humans are small. Secondly^ the 
samples cannot be enlarged indefinitely because the samples 
of different levels of inbreeding have to be collected from 
the same gene pool and similar environmental background, as 
far as possible, although in the selected population, 
consanguineous marriages are relatively more uniformly 
distributed than in the others so far studied, and it limits 
the population size and availability of suitable samples. 
The rules of strict endogamy get reinforced by occupational 
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similarities. Furthermore, since the study aims at obtaining 
about equal samples from each level '(F) of inbreeding from 
six successive annual age groups in the growing age and in 
the two sexes. It has not been possible to have a large 
sample of each category in each group. This limitation has 
been, to some extent^ further removed by pooling the 
different age group samples using 'z' -scores. 
The present study also sufferes from a lack of data 
from highly inbred (F > 0.0625) groups which have not been 
apparently found in the population. Significant changes of 
mean on inbreeding are observed in the offspring of the 
first cousins only, in comparison to first cousins once 
removed and second cousins. 
Interestingly most of the previous studies have not con-
sidered the possibility of non-linear effects of inbreeding 
as well as the natural selection in inbreeding studies in humans 
except in only few studies in India (Mukherjee,1984). There-
fore, it may be assumed that, in some cases, opposite results 
of inbreeding specially for blood pressures,can be likely found 
from increased selection. The other limitation is the diffi-
culty in tracing individuals with low (F<0.0156) inbreeding 
coefficient,due to non-availability of distant relatives and 
lack of knowledge of one's own family history by the subjects. 
So far in the present study the inbreeding classes are rest-
tricted to the offspring of only first cousins, first cousins once 
removed and second cousins .Other types of consanguineous marriages 
are also very few among Muslims in general because of the presence 
for close consanguineous marriages. 
M A L E 
F E M A L E 
BROTHER-SISTER 
INCEST 
F = 0 .25 
T5 
FATHER-DAUGHTER MOTHER-SON UNCLE-NIECE 
INCEST INCEST F= 0.125 
F=0.25 F=0.25 
A U N T - N E P H E W 
F= 0.125 
w w 
HALF BROTHER-HALF SISTER 
F=0.125 
DOUBLE FIRST 
COUSINS 
F= 0.125 
FIRST-COUSINS 
F= 0 .0625 
FIRST COUSINS ONCE REMOVED 
F= 0.03125 
SECOND COUSINS 
F= 0.0156 
P L A T E - 1 . C O E F F I C I E N T S OF I N B R E E D I N G FOR P DUE TO VARIOUS T Y P E S O F M A T I N G S . 
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Table - (I) 
Quantitative traits in man studied for inbreeding effects 
(After Mukherjee, 1984) 
A Anthropological : 
I. Stature 
3. Birth weight 
5. Lower limb length 
7. Head length 
9. Chest girth 
II. Arm span 
13. Tooth diameter 
15. Bizygomatic breadth 
17. Nasal breadth 
19. Biacromial breadth 
21. Morphological facial height 
23. Cubit length 
25. Depth of thorax 
27. Max.circ.Upper arm 
29. Skinfold thickness 
31. Hand length 
33. Cormic index 
35. Nasal index 
B. Somatoscopical 
1. Skin colour grade 
C. Physiometrical and Psychometrical 
1. 
2. 
3. 
5. 
7. 
9. 
11, 
13, 
15 
17 
D. 
1. 
2. 
3. 
4. 
5. 
6. 
2. Weight 
4. Sitting height 
6. Head Breadth 
8. Head girth 
10.Head height 
12.Knee height 
14.Min frontal breadth 
16.Bigonial breadth 
18.Nasal height 
20.Bieristal breadth 
22.Upper limb length 
24.Bradth of thoraX 
26.Bistyloid breadth 
28.Calf circumference 
30.Hand breadth 
32.Hand index 
34.Cephalic index 
Blood Pressure-diastolic 
Blood Pressure - systolic 
Grip strength 
Pulse rate 
Menarcheal age 
Age when talked 
Intelligence score 
Social Studies 
Temperament 
Colour trail 
4. Tapping rate 
6. Haematocrit 
8. Age when walked 
10.Length of gestation 
12.School grade 
14.50 metre run 
16.Mazes 
Dermatoglyphical 
Pattern intensity on specific fingers 
Pattern intensity on specific palmer areas 
Triradial number on finger 
Triradial number on palms 
Total finger ridge - count 
ab ridge - count on palms. 
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Table (11) 
Previous studies on Inbreeding effects on quantitative traits In Children (After, 
Mukherjee, 1984. ) (Symbols from table I). 
References Population Decreases Increases 
Significant Nonsignificant Significant Nonsignificant 
Ichlba, (1953) Japanese 2829 
(Schull. 1958) 
Shiroyama, 1953 
(Schull, 1958) 
979 
A.4,6,9,11,24, 
25, C.3,11,14, 
15. 
Al, 2, 3,10 
Morton, 1958 
Furusho, 1961 
(Morton et.al,, 1967) 
75160 A.1,2,3 
A.i 
A . 10 A.9, C.IO. 
Slatis and 
Hoene,1961 
159 A.3,C.11 
Schull, 1962 151 A.7,9,0.4, A.1,2,4, 
16 6 ,10 ,12 ,28 
C.17 A.8 
Schull and 
Nee 1,1965 
353f A.I A.2,4,10,12 A.6,7,8,9 
Komai,1963 
(Morton et.al. 
1967). 
A.I 
Schork,1964 2315 A.2,9,10 A.1,3 
Cruz-coke and Brazilian 
Covarrubias, 
1964 
C.l 
Schull and 
Neel,1965 
Japanese 5984 A.1,2,4,6, C.2,3,4,11,13 0.8,9, 
7,8,9,10, 16. 
12,28, C.12, 
17. 
C.l,5 
Niswander and " 4740 
Chung,1965 
Schreider, 1967 French 
Krieger,1969 Brazilian 3465 
Neel et.al.,1970 Japanese 1082 
Barbosa and Brazilian 
Kr1eger,1979 
Afzal,1988 Indian 2156 
Badaruddoza,1990 Indian 364 
Agrawalet.al.1984 Indian 100 
Basu & Jindal 1987 Indian 680 
A.I 
C.6 C.l 
A.1.4,6,7,8, 
11,28,0.2,4,11,12 
0.2 
0.11,16 
A.1,2,8,9,0.11 ,16 
C.ll 
A.13 
A.1,2 
C.l 
C.l.5,6 
C.1,2 
J1 
2 . ETHNOGRAPHIC ACCOUNT AND SOCIAL STRUCTURE OF THE POPULATION 
Muslims comprise about 13% of the total population of 
India which thus forms the largest minority in the subcon-
tinent. Before partition of India into the Indian union and 
Pakistan (including Bangladesh before 1972), Muslim 
populations were concertrated in Bengal, Punjab and parts of 
North and Central India. After independence, however, 
Muslims have some strongholds in Northern India. The 
distribution of Muslims in different states of Indian union 
shows that the largest number is found in the state of Uttar 
Pradesh (U.P*.). The richness of the social and cultural 
heritage of some Muslim populations of this state is widely 
recognised. The university being located in this area, the 
city of Aligarh has been the most appropriate place for this 
investigation to fully justify the objectives of the present 
study. Qureshi Muslim population of Aligarh city too forms 
a well « defined endogamous population (with knov/n small 
population in which consanguineous marriages take place 
frequently). 
The study was conducted in Aligarh city of the UP.state. 
The demographic characteristics of the district are fairly 
typical of that prevailing in -other parts of the state. As 
per 1981 census, Aligarh city has a population of 3.20 laks 
with Muslims numbering 1.10572 (or 34.5%) of the total popu-
lation. The figure also includes 20,000 resident students 
and staff members of the Aligarh Muslim University. 
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According to the rough estimates, more than 70 mohallas 
(localities) of the Aligarh city abound in Muslim popula-
tions . 
The Muslims of Aligarh city like elsewhere ane 
predominantly Sunnis; though a considerable number of Shias 
are also there. Among the Sunnis, approximately, one fourth 
of the population represents Syed, Sheikh, Moghal and Pathan 
groups who have social precedence while three-fourth belong 
to various other endogamous groups with lower social-ranks. 
A sizable proportion among the latter groups of Muslims are 
of Ansari (v;eaver) and Qureshi (meat seller) groups. 
The purpose of the present study is to further 
elucidate the effects of genotypic differences between 
homozygotes and/or between homozygotes and heterozygotes of 
involved genes of multilocus system determining various 
characters. Therefore, individuals of relatively higher 
degrees of inbreeding (as measured by F) indicating a 
greater proportion of homozygous loci are compared with 
those having lov/er degrees of inbreeding. The difference of 
the two groups can also be influenced by genes rather than 
genotypes and also by the environmental variation which 
influence the phenotypic manifestation. It is therefore 
necessary, to minimise the extraneous influences on gene 
frequencies and environmental factors between the 
comparable groups as much as possible. In' human population 
(in v/hich controlled experimental breeding is impracticable) 
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the only possible way of controlling for genes and environ-
ments together is to draw samples of different specific 
degrees of inbreeding from an endogamous population repre-
senting only a single gene pool and individual cases of 
pairs/ from close relatives as far as practicable. From this 
point of view the Qureshi population of Aligarh city 
provides a model for such studies. There is another advan-
tage in selecting the Qureshi population of Aligarh city. In 
other populations studies done so far, familial aggregation 
of consanguineous marriages leading to such marriages in 
successive generations makes it difficult to obtain adequate 
samples having the uniform degrees (F) of inbreeding. The 
same phenomenon also arises in the way of having sizable 
samples with suitable control for genetic and environmental 
variation. Therefore the endogamous Qureshi population of 
Aligarh city was selected for focussing the impact of 
inbreeding on certain quantitative traits. 
2.1 Goegraphic Background 
In view of the importance of controlling environmental 
variance as a potent factor influencing the characters 
studied/ the nature of some environmental conditions of the 
population is outlined below. The Aligarh city is situated 
at lattitude 27°28' and 28°10' north and longitude 77°29' 
o 
and 78 36' east. The total area is 34.05 square kilometer. 
Aligarh has almost a dry climate throughout the year. 
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During the v/inter, the temperature is very low/ though 
frosts are not of frequent occurrence, or of greater 
intensity. The mean temperature for December and January, 
o 
the coldest months is 8 C . The summer is decidedly hot. The 
o 
maximum temperature of the district is 44 C . The district 
receives normal annual rainfall of 594.1 mms. Aligarh city 
is having people of different religious denominations, 
Hindus, Muslims, Jains, Christians, Punjabis etc. The city 
has strong historical heritage, such that on the northern 
most part of the city, historical glimpses can be found for 
the historicity of the Agra division which lies in the doab 
of the Ganga and Yamuna. 
2.2 Socio-Economic Characteristics of Population Samples 
The Qureshis by profession are meat-sellers and lock 
makers. They have either their own slaughter houses or work 
as labourers in slaughter house, thus supplying different 
types of meat throughout the district. For centuries the 
Muslims (including Qureshi) in Aligarh have been engaged in 
lock making. About 95% of the Qureshi population belong to 
this labour class and the data for the present study have 
been collected from this section of the population to 
control for environmental variation. Health is the last 
priority on their expenditure budget. Hie gloomy economic 
condition has pressed the children of school going age iro b-
engrossed into the profession so as to raise the sagginc; 
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family income. Illiteracy and ignorance are thus widely 
perpetuated into the families due to this occupation. The 
participation of child labour is obvious in this low income 
stratum of workers. 
About seventy four percent of the Qureshis as well as 
other lower caste Muslim families of Aligarh city are found 
to be illiterate. The percentage of literates from the 
forefathers has dropped from 34% to 31%. Only 3.18 percent 
of the population can be said to be matriculated 
(Siraj/1990). About 60.83% of the males are illiterate, 
while around 89% of females have been reported to be illi-
terate. On the other hand, the Aligarh Muslim University, on 
extreme Northern side of the city, is an island of high 
profile Muslims, though rarely do they reflect or identify 
with commonfolk. Poverty of education has a direct rela-
tionship with low income. Education occupies an extremely 
low priority in the scheme of domestic and financial budget. 
2,3 Food and Social Activity 
The prominent feature of the social life of low caste 
Muslims are cheap entertainment sources like cinema, music 
and religious rituals. Almost every male of all age groups 
go for compulsory Friday Prayers at mosques. Religious 
attachment is more or less present among all persons. 
Religious education is frequent and modern education is also 
on the increase at the present moment. The Aligarh Muslira 
University has set up a couple of schools especially for the 
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girls. Purdah (veil) is strictly followed among v/omen for 
all age groups. 
The food items generally include meat/ rice, wheat, and 
pulses; vegetables are consumed in lesser quantities. Oils 
and fats are copiously used while the use of milk and dairy 
products are scarce as are beverages and drinks. 
The Qureshis of Aligarh city are consolidated around a 
few mohallas like Sarai Mian, Delhi Darwaza, Turkman Gate, 
Kala Mahal, Jamalpur etc. The subjects were picked up from 
these mohallas for studying the impact of inbreeding on some 
quantitative traits. Mohallas v/ith heterogeneous nature in 
terms of social group have been excluded from the present 
work. 
3. DATA AND PROCEDURE 
3.1 Samples and Subsamples 
The school going boys and girls were purposively picked 
up from the above mentioned mohallas (colonies) for 
assessing their different measurements. The total number of 
subjects \/ere distributed age-v/ise from 6 through 11 years. 
The age v/as determined to nearest birth date from the school 
registration book. All children were apparently healthy at 
the time of examination. The measurements v/ere taken during 
the school hours in the leisure periods and sometimes also, 
at home through subsequent visits. 
Total samples are divided into subsamples of annual age 
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9roups from 6 to 11 yrs. for three purposes viz. (i) to 
obtain reliability and consistency of the datai (ii) to 
neutralize the age variation and, (iii) to see if the 
pattern of effects are also similar in the subsamples. These 
classifications would also examine inbreeding effects on the 
achieved growth or development in particular age groups. 
The parents of the subjects are without known physical 
and mental ailments. Frequent visits have been made to the 
subjects' parents' house in order to calculate the coeffi-
cient of inbreeding (F) among offspring, consanguineous 
marriages were traced from the offspring to the nearest 
common ancestor through extensive pedigrees. 
The coefficients of inbreeding (F) for autosomal genes 
were calculated from the pedigree data using slightly 
modified Wright's formula referred to in section no. 1.6. 
However, as verified from the pedigrees, the inbreeding 
coefficients of common or most of the ancestors of parents 
(F^) pointed out to be zero in all cases. Therefore, to use a 
sizable samples of subjects with same F values, the rare 
cases with same values of F in common ancestors were left 
out from this study. Assuming that very little errors exist 
in calculating the F values obtained for the subjects, 
it can be strictly considered as the minimum estimates of 
F-values. 
The subjects included the offsprings of first cousins 
(IC), of first cousins once removed (ICI), of second cousins 
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(2C) and of unrelated spouses (NI) from the same population. 
About 80% of the NI males and females are also children of 
brothers or sisters of parents (married as first cousins) of 
inbred children and rest of the 20% of them are from 
families having children as first cousins once removed or 
second cousins (Matched control). This enhances the control 
of minimising genetic and environmental variance of the 
traits between samples v>rhich otherwise might haveadded to the 
genotypic variance of traits between comparable samples. 
It may be relevant to mention that no other studies, on 
inbreeding effects on physical/ psychological/ physiological 
or quantitative biological variations,, except that reported 
by Mukherjee (1985/ 1990a) have been possibleitobelocatedin 
v/hich random differences of gene frequency and environmental 
background have been controlled to such an extent. This 
would enhance the value of the present analysis of inbree-
ding effects on the quantitative traits. 
In all 3015 children with age group 6 through 11 years 
were selected for the present study, detailed break up is 
discussed appropriately later o n . Further information are 
collected from their parents and relatives by visiting the 
homes; any doubtful information has been eliminated after 
scrutinising the pedigrees. 
3.2 Socio-Economic Control 
The subjects reside in quarters of uniform type of 
adjacent colonies. As the people are engaged in similar type 
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of jobs and earn about more or less the same money, they 
have very similar socio-economic and nutritional status. 
Occurrence of any subject from a high income family are 
excluded from the present sample to control the environmen-
tal variation as such. 
3.3 Anthropometric Traits 
Seven anthropometric traits viz., body weight (kg), 
standing height (cm), sitting height (cm), head circum-
ference (cm), head length (cm), head breadth (cm) and chest 
circumference (cm), have been selected for the present 
study. In total 1182 of subjects of both male and female sex 
out of the grand samples 3015 (39.20%), were measured for 
the study. A total of 690 individuals were males including 
243 non-inbred (NI) (individuals for whom consanguineous 
relationships between parents could not be traced in the 
pedigrees are referred as NI) and included 133 second 
cousins, 146 first cousins once removed and 168 first 
cousins. The number of female samples is 492 including, 140 
non-inbred (NI), 122 second cousins, 115 first cousins once 
removed, 115 first cousins. Combined inbreeding sample sizes 
are 447 for males and 352 for females. Again the samples 
were distributed through age between 6 to 11 years. The 
subjects, hov/ever, live at subsistance level of economy and 
do not display an association between inbreeding and socio-
economic status. The subjects were usually measured on their 
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respective birthdays but in some cases they were examined 
+ 10 days around the birth date concerned. The ages 
referred to here are exact ages and not age classes. The 
techniques were used for measurements as described by Weiner 
and Lourie (1981) for the International Biological Progra-
mme. The measurements were taken using standard anthropo-
metric tools which are described below. 
3.3.1 Body Weight 
The body weight (kg) of the subject was taken with 
weighing mechine (Libra, local made). Keeping the standard 
precaution with minimum clothes. 
3.3.2 Sitting Height 
It measures the vertical distance from vertex to 
sitting surface of the subject when stretched i.e./ when the 
vertebral column is stretched to its maximum. Subject 
should sit on a horizontal surface preferably on a table 
30-40 cm high, head in eye-ear plane, and his body stretched 
to the maximum, the shoulders should run parallel, the 
thighs should be almost horizontal, and the knees should not 
be allowed to bend. An anthropometer should be held on the 
back of the subjects. 
3.3.3 Standing Height 
It measures the vertical distance from vertex to floor. 
After putting the subject to stand erect on the level for 
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the floor with anthropometer in the median sagittal plane of 
the subject and allows moving cross bar to touch the vertex 
lightly. The subjects were allowed to have minimum clothes 
on all loose outfits were removed. 
3.3.4 Chest Circumference 
The measurements of chest circumference were taken with 
the help of a flexible steel tape held horizontally at the 
level of the nipples and passing over the lower scapular 
angle. The arms/ raised prior to encircling the chest was 
brought to the normal. Only normal breathing for chest 
circumference was taken. 
3.3.5 Head Circumference 
It is the maximum circumference of the head taken 
horizontally. The flexible steel tape was held with left 
hand on to glabella and it was taken with right hand over 
the left side to opisthocranion, then over the right side 
back to glabella. The tape was wound around the head at the 
same level. Care was taken to fix opisthocranion before the 
hand allowing the maximum cranial length. 
3.3.6 Head Breadth 
It measures the straight distance between the two eurya 
i.e./ maximum breadth taken at right angle to mid sagittal 
plane wherever found. The measurements were taken by 
spreading calipers which hold in such a manner either behind 
or infront of the subjects that the joint of the caliper is 
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in the mid-sagittal plane of the head. Now slide the tips 
of the caliper from forward to backward and vice versa in a 
zig-zag manner for taking the maximum reading. 
3.3.7 Head Length 
It measures the straight distance between glabella and 
opisthocranion i.e., the most projecting point on the dorsal 
surface of the head in the mid-sagittal plane spreading 
caliper v/ith blunt ends is used for this measurement. The 
instrument holds in such a manner that the tips of the 
caliper are free to touch the head. While taking the 
measurements, care was taken for undue pressure. 
Each measurement in each of the subject v/as taken three 
times and the last measurement normally recorded due to 
concurrence of the last two measurements. The above 
selected traits reflect the overall dimensions of the body 
and have on an average of relatively large genetic 
components (Devor et a^., 1986). 
3.4 Psychometric Trait 
The samples consisted of 1244 subjects (641 males and 
603 females) out of a total of 3015 (41.26%) between the 
ages 6 to 11 years.. Among male subjects, the numbers of 
non-inbred, second cousins, first cousins once removed and 
first cousins are 194, 138, 148, 161, respectively. While 
in the female samples the numbers of subjects are 182, 132, 
138, 151, respectively in the same order. The total inbred 
samples are 447 for males and 421 for females. 
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The popular method to measure intelligence is intelli-
gence quotient (IQ), which is defined as the ratio of mental 
age to chronological age of the individuals/ multiplied by 
hundred. Presently the various test-systems caled scales are 
available to assess the IQ. The rationality and validity of 
these scales vary from each other/ as also their suitability 
for different populations in different environmental set-ups. 
Considering the test-procedure presently available (Rice/ 
1929; Menzel, 1939; Terman and Merrill, 1973; Raven's 
matrices; Weschler's intelligence scale for children, 1954) 
the Weschler's revised test system for children Revised-74 
was preferred in the present case. The main features of 
WISC-R (74) are given below. 
It has done away with the mental age concept and uses 
standard deviation points of the subject below or above the 
mean of the normal population. It is also used for learning 
the clinical profile of a child, and to assess organic 
defects/ if any by the clinicians. 
The WISC-R is made up of ten subtests in which five are 
verbal and five performance. The verbal subtests include 
information, similarities, arithmatic, vocabulary and 
comprehension. The performance subtests are picture 
completion, picture arrangement, block design, object 
assembly and mazes. Each subtest consists of many items 
ranging from 10 to 30 and each individual item carrying a 
quantum of raw score (1,2,3) upon completion within a given 
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fraction of time (in seconds). The total of these raw 
scores give a subtest score. The medium of test is English 
and no Urdu or Hindi version is.available. 
The parents in the age group 35-40 years and having 
normal intelligence (as evidenced by their skill in their 
work) were sorted out who had children aged 6 to 11 
(detailed sampling is mentioned earlier). Tv/o children from 
the same parents were not included in the test. The name, 
age/ sex, class with parental inbreeding were entered into 
the WISC-(R) -74 record form. Then the subjects were asked 
the questions from the questionnaire as per instructions 
given in the manual and answers were recorded. The tests 
were performed in the following order of sequence, 
information, picture completion, similarities, picture 
arrangements, arithematic, block design, vocabulary, object 
assembly, comprehension and mazes. Timings were adjusted by 
an electronic stop watch. The scoring was done immediately 
after the test. The raw scores were later converted into 
scaled scores with the help of the manual. The total scaled 
scores of verbal subtests together give verbal IQ, that of 
the performance subtests together give performance IQ and 
total of the verbal and performance scaled scores taken 
together give full scale IQ. Each candidate was noted for 
13 parameters, five verbal, five performance subtests scores 
and three IQ scores. 
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3.5 Physiometric Traits 
A total of 3015 children (1527 males, 1488 females), 
from the above mentioned colonies, were examined for blood 
pressure measurements. Among the male children the numbers 
of non-inbred (NI), second cousins (2C), first cousin once 
removed (ICI), first cousins (IC) are 474, 349, 361, 343. 
respectively. The -same division of samples for females are 
426, 346, 356, 360- respectively. 
The total inbred (IN) samples are 1053 for males and 
1062 for females. The total sample were distributed age-wise 
between 6 through 11 years. All the children were appar-
ently healthy at the time of examination. Apprehensive, 
uncooperative, crying or obviously excited children were 
excluded. All of the subjects came from low income or 
similar income families but no overt evidence of malnutri-
tion v/as found. 
All the observations were made on the right forearm 
placed horizontally on a table. The phenotypes used in the 
current study consist of systolic (SBP) and diastolic (DBP) 
blood pressures. Mean arterial blood pressure (MBP) was 
simply estimated as DBP + (SBP - DBP) /3 (as mentioned'in 
Perusse ^ al^., 1989). For a large sample, two consecutive 
readings were recorded for each of SBP and DBP, and the 
averages were used. The measurements were taken by an elec-
tronic digital instrument. The subjects who used tobacco in 
any form (smoking in the case of males and chcwing in case 
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of females) or practised alcohol consumption or use" of' 
v/hat for any type of drugs related to blood pressures^ and 
those suffering from any major tension were ommitted (Major 
tension was a personal assessment of the respondent of 
immediate psychological stress and pertained to the fort-
night, preceeding the date of examination, death, marriage 
of immediate family members, school examination and so forth 
v/ere cited by the investigator as events that- may lead to 
major tension). 
3.6 Dermatoglyphics (Finger) 
3.6.1 Collection of the Prints in the Field 
A number of methods have been advanced for taking 
dermal prints. In the present study, the most widely used 
ink and paper method is adopted. The essential requirements 
are printer's ink, good quality glossy white art- paper, 
inking glass, slab, roller and a pad. To enhance the quality 
of dermatoglyphic prints, the subjects v/ere asked to wash 
their hands with soap and water prior to printing. Before 
applying ink, care was taken to ensure that the hands were 
dried of. On each paper (where prints were taken) the name, 
age, sex, place, tehsil, city, endogamous group, serial 
number and inbreeding status as well as the left and right 
palm and finger prints of the subjects were recorded. 
Despite taking all the necessary precautions, it was noticed 
that a large number of prints could not be utilized for 
scoring all variables on fingers due to imperfect printing 
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and v/ere thus excluded from the present analysis. 
3.6.2 Preliminary Laboratory Analysis 
The prints collected in the field were firstly arranged 
serially^ separately for the offspring of non-consanguineous 
parents, of second cousins (F = 0.0156), of first cousin 
once removed (F = 0.03125), and of first cousins (F = 
0.0625). For scoring various variables, a lens of pov/er 5 X 
of the magnification and a suitable lighting arrangement v/as 
used. Only patterns on fingers have been studied here. 
3.6.3 Analysis and Scoring 
The characters studied are patterns classified by the 
method in accordance with the definitions given by Mukherjee 
(1966, 1967) and Penrose (1968). These methods are slightly 
modified from those provided by Cummins and Midlo (1943) in 
the following manner; (i) the loops were defined as patterns 
with single triradii associated with ridge covering at an 
o 
angle of 180 or whatever is the value of the ridge count. 
(ii) plain arches were differentiated from tented arches 
which measured pattern intensities. 
(iii) the pattern with true triradii which have not been 
obtained here, would be considered separately as superwhorl. 
(iv) the number of triradii on fingers is^therefore,slightly 
different from the value of pattern intensity index, 
though they are meant to measure the same thing. In pattern 
intensity, index, all arches including tented arches or 
4 8 
nascent loops with no ridge count but single triradii are 
counted as zero, and all whorls including superwhorls 
(earlier called accidental) were counted as two. On finger 
whorl, ulnar and radial loops, arches and tented arches on 
them have been studied for each digits. 
Autosomal inbreeding can be studied only in the male 
samples, the inbred females are products of matings between 
son of father's sister and daughter of mother's brother (FSZ 
X MBD) or between sen and daughterof<.mbther"s sisters (MSZ X 
MSD) and would reflect autozygosity of X-linked genes as 
well. Thus^, if a character shows greater effects of 
inbreeding in females, there would be an indication of some 
X-linked genes for the trait in addition to autosomal. 
The analysis is based on finger prints of 76 male • and 
80 female' offspring of unrelated parents," 95, 95, 90 male 
offspring of second cousins, first cousins once removed and 
first cousins respectively; in case of female offspring the 
sample of same categories are 100, 105, 85 respectively. 
Total sample size was 726 (356 males and 370 females). 
The results of the inbreeding effects of quantitative 
traits obtained in the present study is brought together to 
review possible mechanisms of phenotypic changes and further 
the knowledge of genetics of the traits derived from them. 
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3.7 STATISTICAL PROCEDURE 
1. The inbreeding coefficient of an individual F^ is 
measured by the method of path coefficients (Wright, 
1921a)-. The individuals in the base population for 
whom the parental consanguinity is not traceable are 
assigned inbreeding coefficient of zero (F = 0) and are 
referred to as non-inbred. 
The general formula to calculate the average F of the 
inbred group (F > 0) = C F . n . / N , where n. = number of 
^ X X X 
individuals in the group with inbreeding coefficient F^ 
and N = total number of individuals in study group. 
2. The overall means (M) and standard deviations (SD) of 
the characters studied are calculated with respective 
standard errors (SE) for all comparable series such as 
non-inbred and total inbred or different classes of 
inbreeding groups. The significance of difference of 
means is examined by using modified Student's 't'-test. 
For this purpose it is assumed that all distributions 
are normal, which may not be strictly applicable in 
some cases such as number of triradii. 
The two independent samples with sizes of n^ ^ and n2 
have been drawn from two normal populations with means 
X, Y respectively, then the applied Student's 't' test 
will be : 
50 
X - Y 
t = 
s2 (i/n^ - 1/n^) 
2 2 
where pooled S (variance) = (n^S + ~ 2) where 
respective standard deviations of the two 
samples. 
3. The rates of mean changes with inbreeding are estimated 
by using the following methods: 
(a) Percent inbreeding depression (ID). ID% = 100 (M„-M )M 
r O O 
=100 I D / M Q where Mp is the inbred m e a n , M ^ the non-inbred 
mean and ID, the inbreeding depression. 
Similarly, the rate of depression! within the non-zero(F>0) 
range of F is estimated by using the general formula. 
ID% = 100 (M^ - MJ) / MJ 
where Mj^ ^ is the mean for larger F and Mj the mean for smaller F. 
(b) The ID% is divided by non-inbred mean to control for 
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difference of mean i.e., 100 . ID/M^. 
Same as 100 ID/SDg is divided by M^to control formean 
difference which is expressed as 100. ID/SD^M^ 
(c) The depression per 10% F is also calculated in the 
samples by using ID per 10% F = lO.ID/F for comparative 
purposes in a few cases. 
The rate of depression (ID%) per 10% F is further 
estimated from the samples as ID% per 10% F = 100 ID/FM^. 
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4. (a) The change of variance on inbreeding for specificF 
level is studied through the formula : 
V - V 
where Vp = variance of inbred groups and V ^ = 
varance of non-inbred groups. 
(b) The change of variance is again compared with 
2 
squared coefficient of variance (CV) as suggested 
by Falconer (1960) : 
CV^ = 100^ . V/M^ 
where the V and M are the variance and mean of 
the respective samples. 
5. (a) The chi-square test for homogeneity has been 
applied to verify the significance of differences 
between samples in the proportion of subjects of 
different age groups with different degrees of 
inbreeding. 
(b) The Bartlett's chi-square test to verify the 
homogeneity of variances (Bailey, 1959) was 
applied as follows : 
Chi square = 1/C (f log V - E f ^ log V^) 
where C = 0.4343 (1 - l/f)/3 (K-1) 
f^ = sample: size of ith group -1 
f = r £ , 
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V^ = variance of the trait in ith group 
V = 2 f^V./f 
K = number of groups. 
This analysis is applied from the assumption of 
an underlying normal distribution of the traits 
which does not strictly apply. 
6. Karl Pearson's coefficient (r) of product moment corre-
lation is calculated by the following formula 
2 d d 
^ X y 
r = 
where d^ and d^ are the deviations of x and y variables 
in order/ from their respective means. The correlation 
is applied to study the association of inbreeding with 
traits. 
The standard error of r is calculated through, SE of 
r = (1 - r )/ /n- 2; where n is the sample size. 
7. Coefficient of linear regression (b) of y on x is 
calculated as follows : 
Z d d 
The standard error of b is calculated to test the sig-
nificance of b. 
SE of b = i^Vy/V^ - b^) / n-2 
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where V ^ and V^ are the variance of two variables x and 
y respectively, 
8. The estimates of inbreeding depression per 10% F is 
also calculated from simple regression coefficient (b) 
using the formula b/10 units. 
9. The analysis of variance has been applied to test the 
significance both of linear regression of the 
measurements of the trait on F and also of the devia-
tion from linearity. Total sum of squares about the 
mean, £ Y^^ = E Y^ - G ^ N = Id^^ , 
Sum of squares between groups, 
2 Y g ^ = rr^^/n - G V N 
2 
where 2 Y = sum of squares of the trait, Y of all sub-
jects in the samples. 
T^ = sum of the trait in ith group 
G = grand total = E 
n^ ^ = sample size of the ith group 
N = Total sample size = jjn^ 
The residual sum of squares about the mean within 
2 
groups/^jY^ is obtained by the formula 
2 2 2 
2 
The 2 Yg is then partitioned into sum of the squares 
2 
due to linear regression, j Y and that due to devia-
tions from linear regression, j Y ^ by using the formula. 
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£ Y^ = b r d p d^ (Mange, 1963) 
= (Zd^d (Chambers/ 1964) 
r y , r 
a n d Z Y ^ = Z Y ^ - SY^ 
10. Fisher's variation test is applied to test the signi-
ficance of mean differences betv;een groups, that of 
linear regression of the trait on F and that of 
deviations from the linear regression : 
V ^ W ' ^b/'^W V ^ W ^respectively 
where V ^ = jjVg/ (k-1) 
^b = ? ^b/1 
^d = 2 y 2 / ( k - 2 ) 
= (N-K) 
n = total sample size, K = number of groups. 
11. Graphical analysis : The change in distribution of 
traits in different inbreeding classes, with different 
ages have been studied by drawing the frequency 
polygons. The pattern of these distributions is the 
indicator to locate the homozygotes and to find indica-
tion of additive and non-additive effects of genes. 
12. Percentile curves for different quantitative values 
have been drawn across the age to examine the effects 
of inbreeding on change though age withiri the age-range 
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studied. Only 5th, 50th and 95th centile values were 
obtained for each age from the frequency distribution of the 
concerned traits. This may also provide standards of growth 
and development as the case may be. 
13. 'Z' scores were obtained for combiningthedata of different 
age-groups removing the effect of age on the traits. These 
'Z' scores have been used for obtaining a common distribu-
tion of all ages. The follo\7ing formula has been used. 
(Value of the trait in an individual) - (Mean value of the sample) 
' Z ' score = — 
(Standard deviation of the samples) 
The sample here represents the case of a particular age 
group (i.e. 6 years) with specific F values (i.e. F = 0/ 
F=0.0625 etc.) Other relevent details of the analysis will 
be done alongwith the results and discussion. 
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A. RESULTS AND DISCUSSION 
4.1 Inbreeding Effects on Mean 
The most striking consequence of inbreeding observed is 
the reduction of mean phenotypic values of the characters 
analysed. The change of mean on inbreeding, to the extent it-
is not influenced by environmental variation and gene-
frequencies between different levels of inbreeding, must 
reflect some average dominance/recessiveness of the 
concerned genes. 
4.2 Consistent Change of Mean with F 
The mean values of the different classes of inbreeding 
(F 0) are mutually compared, besides a comparison between 
the group with non-zero inbreeding coefficient (F > 0) and 
those with zero coefficient (F=0) as estimated within the 
population (Table 1-13). The significant test of mean 
differences with different levels of inbreeding are also 
worked out by applying the 't' test and the probability 
levels of significance 0.001, 0.01, 0.05 are denoted by 
letters, a,b, and c. 
4.2.1 Recessive Genes with Negative Effects 
(Anthropometry and Psychometry) 
The analysis shows that the mean values of all anthro-
pometric traits and psychometric traits (IQ and iLi. 
components) consistently decrease with the incrc^fisf 
inbreeding coefficient in both sexes in all ago yi cu;- . 
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where separately studied. The differences of mean between 
non-inbred (F=0) and pooled inbred groups (F>0) are 
statistically significant at least at 5% probability level 
in many cases. The number of significant differences are 
more than that expected by chance alone. The exceptions to 
this rule is seen specially for head length and head 
breadth (Tables 5 and 6). Similarly, in the sitting height 
among male group, the mean differences are not significant 
except in age group at 6 years. 
The psychometric traits display the same phenomenon. 
The results of reduction of IQ or the means of its 
components, upon increase with inbreeding is also consistent 
in the data for each sex (Tables 8,9, 10). The differences 
of the - values- iii the samples of two sexes, being not 
significant at 5% probability level, are pooled together. 
The consistency in the declines of the mean values, 
which except for smaller sizes here would reach significance 
at 5% probability level,amply suggest inbreeding reduction 
(usually referred to as depression) for all the traits. 
Furthermore, if the problems of small samples is removed by 
obtaining the 'Z'-scores of the traits, there is no excep-
tion to this rule of significant reduction of the mean 
values on inbreeding for different traits (Table 14). 
In view of the strong earlier suggestion of inbreeding 
depression in quantitative traits especially on physical 
measurements in case of adequately controlled data, as in a 
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few Indian studies on adults mentioned in this review, the 
present results amply strengthen the hypothesis of an 
average recessiveness of the genes with negative effects. 
4.2.2 Recessive Genes with Positive Effects 
(Blood Pressure) 
Consistent increase of mean values of systolic, 
diastolic and mean arterial blood pressure with the increase 
of inbreeding coefficient have been observed (Table 11, 12 
and 13) among all age groups and both the sexes. The 
difference between the means of non-inbred (F=0) and pooled 
inbred (F>0) groups are significant at 5% probability level, 
except in a few age groups. In the systolic blood pressure, 
specially among the female children, the mean differences 
between non-inbred and inbred of the age groups 6,7 and 9 
years are not significant at 5% level. The lower level of 
significance of the increase of systolic blood pressure in 
some age groups is due to inadequate sample sizes, and the 
' Z '-scores , combining all ages of the values , significantly 
increase in the inbred (F>0) sample of each sex (Table 15). 
However, the increase in the values of diastolic and mean 
arterial blood pressures in the inbred males and females 
from the in non-inbred cases are significant at least at 5% 
level in each age. The consistent increase of blood 
pressures (all types) in the children of age range 6-11 years 
of each sex with increase of inbreeding at every stage, 
considered here, apparently agrees with the hypothesis of 
some recessive gene or genes for higher pressure. 
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The results of earlier studies on inbreeding effects on 
systolic and diastolic blood pressure among adults and 
children, however, do not provide unequivocally any 
suggestions regarding recessive genes with positive or 
negative effects. Most of the studies, as discussed in the 
review given in the present thesis {Section No.1.11), were 
based on unsuitable data such as, mixed or biased samples, 
inadequate size of samples from individuals with specific 
inbreeding coefficients, data without adequate control of 
gene pool and environmental variation, and so on. Besides 
arterial pressure is not a stable character, being a labile 
physiometric trait in man for which sufficient care, caution 
and regularity of timings during the collection of the data, 
such as has been taken in the present study, is necessary. 
But other studies on inbreeding effects on blood pressure 
except few are uncertain in this respect. In several cases, 
multiple investigations with multiple manometers and 
stethoscopes were likely to have added considerably to 
errors in these data. It would, therefore, be premature to 
arrive at a firm conclusion on the recessive genes for high 
blood pressure on the basis of the present study of the 
children only, until careful other studies on children and 
adults together are reported from different populations. 
In any case, it might be useful for future studios to 
discuss some possible indications from the accun'uLated 
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results of earlier works. Out of five studies on inbreeding 
effects on blood pressure in adults, available for the 
present review (Neel et , 1970; Strouhal/ 1971; Martin et 
al., 1973; Barbosa and Krieger, 1979; Mukherjee, 1985)/ 
all except one sample show decrease of the mean value in 
the inbred series. Neel et , (1970) alone reported a 
non-significant (at P = 0.05) increase of diastolic blood 
pressure in the Japanese inbred adults. In view of small 
expected changes on mean in the human range of inbreeding, 
this consistency of results cannot be ingored. On the other 
hand, five different studies (Cruz-Coke and Covarrubias, 
1964; Schull and Neel, 1965; Krieger, 1969; Neel ^ al., 
1970; Barbosa and Krieger, 1979) on inbreeding effects on 
diastolic blood pressure among children uniformly indicate a 
rise of mean value in the inbred series, although only two 
of them are significant at 5% probability level. The 
earlier data for inbreeding effects on systolic blood 
pressure among children are not enough for any comment. 
It is to be considered here that the effects of 
inbreeding on the mean blood pressure among children and 
adults may not necessarily be in the same direction. The 
data under review show that there is a consistent overall 
trend of decrease of blood pressure in the inbred adults in 
the populations studied which would confirm the theory of 
dominance of high blood pressure in adults but not in 
children. 
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In three studies of children 3-14 years of age (Dube et 
al., 1975; Voors et al., 1976; Londe et al., 1977) and one 
study of children 14-18 years of age (Goldring et al^. i 1977), 
blood pressures were lower or equal in black children in 
comparison to white children, although there is a higher 
incidence of hypertension in black adults than white adults 
of the U.S.A. Goldring ^ al• / therefore, interpret, that 
the greater tendency of hypertension in black adults does 
not appear during the first two decades of life. 
Whatever may turnout to be, the case of the results in 
the present context raises the possibility of low blood 
pressures in childhood turning high in adulthood, or vice 
versa. It is therefore a problem for future research to 
find out if the effects of inbreeding (and homozygosity) 
are, in fact, reversed in two stages of life. Or, is it the 
reflection of the greater environmental influences 
overtaking genetic influences in the middle ages (Province 
and Rao, 1985) ? 
This observation on possible average dominance/rece-
ssive effects of gene or genes for blood-pressure is taken 
out to be independent of the presence or absence of a major 
gene effect, or even polygenic background of genetic 
heterogeneity of blood pressure phenotypes (Province et 
al., 1990; Rice ^ al., 1990). 
[Dermatoglyphics(Number of Triradii in Finger)] 
The mean value of total number of triradii on fingers 
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per individual appears to increase with inbreeding 
coefficient in each sex. The mean values of trNF in male 
offspring of unrelated couples (NI), second cousins (2C), 
first cousins once removed (ICl), first cousins (IC) and 
pooled inbred (IN i.e. F>0) are 14.33 ± 2.42 (n=76); 
14.53±2.16 (n=95); 14.73+2.20 (n=95); 14.89+2.24 (n=90); 
14.75+1.28 (n=280), respectively and those in female offspring 
of the same type of couples are 13.42+2.17 (n=80); 
14.37±2.04 (n=100); 14.56+1.93 (n=105); 14.66+2.08 (n=85); 
14.52+1.16 (n=290), respectively. 
Thus the differences between any two levels of inbree-
ding/ are not significant at 5% level of probability in 
either sex. However, there is quite sufficient consistency 
in the results to be ignored, especially because the 
expected amounts of changes due to different levels of 
inbreeding are also too small to show significance at 51 
level in samples of the given sizes. Furthermore, these 
results are in perfect agreement with those of all earlier 
reports from several populations, of various parts of India 
(Sabarni and Mukherjee, 1975; Mukherjee et , 1980, 
Mukherjee and Ghosh, 1985; Mukherjee, 1985; Mukherjee et 
al., 1990). 
These accumulated results strengthen the hypothesis of 
some average recessiveness of genes with positive effect? 
for pattern intensity on fingers. The hypothesis has, of 
course, to be considered in the light of the heritability 
studies on this character initiated by Mukherjee (.1966), 
Loesch (1971, 1983), and others which strongly indicate 
additive alleles at a few loci. The absence of significant 
changes of means on inbreeding in the accumulated data does 
not also seriously contradict that conclusion. The 
consistent and repeated suggestion of a small agerage 
recessive effect of alleles for high values (which may not 
be large enough to be reflected in familial correlations) 
may be considered to incorporate the results of inbreeding 
studies. It could also be noted that the magnitude of 
increase of mean trNF in the inbred individuals and 
especially in the offspring of second cousins is greater in 
the female sex than in the male. This agrees with earlier 
observations in other series of data (Mukherjee et . 
1990). If such is really the case, besides any sampling 
fluctuation, it would be worthwhile to examine the 
hypothesis of the influence of one or more X-linked genes in 
addition to autosomal genes, by collecting adequate data 
from the offspring of a man and his matrilateral cross 
cousins (MBD and MSD) etc., in future. 
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Table 30 
Means and Standard Errors (SE) for IQs among non-inbred and 
inbred children with different coefficients of inbreeding 
(aged 6-11 years. ) 
P e r f o r n a n c e IQ 
No Mean SE No. 
Verbal IQ 
Mean SE No 
Full Scale IQ 
Mean SE 
M A L E C H I L D R E N 
NI 194 n i . 1 8 1.07 194 105.51 1.06 194 108.47 1.12 
2C 138 101.81 1.39 138 101.67 1.29 138 102.75 1.33 
ICl 148 097.36 1.37 148 097.43 1.32 148 099.19 1.32 
IC 161 094.94 1.33 161 093.57 1.28 161 096.24 1.28 
IN 447 097.86 0.79 447 097.35 0.75 447 0 9 9 . 2 3 0.76 
• f 10.01a 6.28a 6 . 83a 
F E N A L E C H I L D R E N 
NI 182 109.51 1.16 182 104.83 1.11 182 106.37 1.13 
ZC 132 100.98 1.42 132 100.38 1.31 132 100.30 1.34 
ICl 138 096.74 1.46 138 095.87 1.35 138 097.32 1.34 
IC 151 093.94 1.43 151 091.56 1.32 151 094.67 1.32 
IN 421 097.07 0.83 421 095.74 0.77 421 097.30 0.77 
't' 8.72a 6.72a 6 i.63a 
C O M B I N E D S E X E S 
NI 376 110.37 0.79 376 105.19 0.79 376 107.71 0.79 
ZC 270 101.41 0.99 270 101.04 0.92 270 101.56 0.95 
ICl 286 097.06 1.00 286 096.68 0.94 286 098.29 0.94 
IC 312 094.46 0.98 312 092.60 0.92 312 095.48 0.92 
IN 868 097.48 0.57 868 096.57 0.54 868 098.30 0.54 
't' 13. 23a 9.00a 9. 83a 
KI » N o n - I n b r e d (F«0); ZC = Second Cousin (F>=0.0156); ICl » First Cousin Once Removed 
(F'O.03125); IC = First Cousin (F=0.0625); IH « Total inbreeding; 't'=Between NI and IN; 
Significance Level a , p<.001; b,p<.01; c , p < . 0 5 . 
7 2 
Table § 
Means and Standard Errors (SE) of the test scores for each 
of the components of performance IQ among the children of 
different inbreeding classes. 
P . A B . D 0 . A M A P . C 
Mean SE Mean SE Mean SE Mean SE Mean SE 
M A L E C H I L D R E N 
NI 10.83 0.22 11.25 0.24 11.57 0.25 12.38 0.25 13.10 0.22 
2C 10.15 0.27 10.56 0.29 10.76 0.31 11.59 0.31 12.46 0.28 
ICl 09.22 0.28 09.70 0.30 09.74 0.31 10.43 0.32 11.41 0.30 
IC 08.35 0.26 08.84 0.29 08.76 0.28 09.53 0.30 10.48 0.30 
F E M A L E C H I L D R E N 
HI 10.77 0.23 11.16 0.25 11.48 0.27 12.27 0.27 12.85 0.24 
2C 10.07 0.26 10.66 0.32 10.70 0.32 11.36 0.33 12.07 0.29 
ICl 09.39 0.27 09.61 0.32 09.65 0.32 10.43 0.35 11.24 0.27 
IC 08.52 0.27 08.72 0.30 08.72 0.30 09.51 0.34 10.15 0.28 
C O M B I N E D S E X E S 
NI 10.80 0.16 11.21 0.17 11,53 0.18 12.32 0.18 12.98 0.16 
2C 10.11 0.19 10.61 0.22 10.73 0.22 11.48 0.23 12.27 0.20 
ICl 09.30 0.19 09.66 0.22 09.70 0.22 10.43 0.24 11.33 0.20 
IC 08.43 0.19 08.78 0.21 08.74 0.20 09.52 0.23 10.32 0.21 
p.A; Picture Arrangement, B.D.; Block design, O.A.; Object Assembly, HAj Mazes, P . C . 
Picture Completion. 
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Table 30 
Means and Standard Errors (SE) of the test scores for each 
of the components of verbal IQ among the children of 
different inbreeding c l a s s e s . 
VO • S i » . I n . Co* • Ar . 
Hean SE Mean SE Mean SE Hean SE Mean SE 
MALE CHILDREN 
NI 08.57 0.22 09.92 0 .21 11.06 0.28 11.93 0 .21 13.85 0.22 
2C 07.85 0 .24 09.15 0.25 10.43 0.34 11.00 0.25 12.89 0 .30 
1C1 07.07 0.25 08.18 0,25 09.22 0.34 10.15 0.27 11,53 0.32 
1C 05.17 0.25 07.59 0.25 08.48 0.32 09.17 0.27 10.29 0.32 
FEMALE CHILDREN 
NI 08.61 0.22 09.88 0.22 11.00 0.28 11.76 0.23 13.82 0.23 
2C 08.16 0.24 09.16 0.26 10.23 0.32 10.75 0.28 12.47 0 .30 
1C1 07.33 0.25 08.24 0.28 09.28 0.30 09.83 0.29 11.46 0 ,31 
K 06.71 0.25 07.44 0.27 08.72 0.29 09.07 0.28 10,50 0.32 
COMBINED SEXES 
NI 08.67 0.17 09.90 0.16 11.03 0.20 11.85 0.16 13.83 0.16 
ZC 08.00 0.17 09.16 0.18 10.33 0.23 10.88 0.19 12.69 0 .21 
1C1 07.19 0 .18 08.20 0 .18 09.25 0 .23 09.99 0.20 11.49 0.22 
IC 06.43 0.18 07.52 0.18 08.60 0.22 09.13 0.19 10.39 0.23 
VO; Vocabulary, Sl«; Similarities, I n ; Information, COB. Comprehension, Ar; Arithraatlc. 
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Table 14 ^ T-L/L^I^ 
Means and Standard Errors (SE) of 'Z' scores^'lor different 
anthropometric traits on F ^ 0 among the male (m) and female (f) 
children . 
Variables Sex NI SE IN SE ::' • f 
Body weight m -0. 123 0. .04 -0. 145 0. 03 . - 0. .44 
f 0. ,334 0. .07 -0. 170 0. 05 5, .86a 
Standing height m 0. ,240 0. .04 -0. 120 0. 03 7, .20a 
f 0. ,623 0. .09 -0. 130 0. 06 6, .96a 
Sitting height m 0, ,256 0, .06 -0. ,054 0. 04 4, .30a 
f 0. ,714 0. .13 -0. ,160 0. 08 5, .73a 
Head circvuuference m 0. .401 0, .11 -0. ,233 0. 08 4, .66a 
f 0. .658 0, .08 -0. ,125 0. 11 5, .76a 
Head length m 0, .500 0, .07 -0. ,139 0. 05 7 .43a 
f 0. .203 0. .10 -0, ,026 0. 06 1 .96c 
Head breadth m 0. .453 0 .08 -0. .221 0. ,06 6 .74a 
f 0, .157 0, .09 -0. .033 0. ,05 1 .85d 
Chest circuinference m 0. .291 0 .08 -0, .170 0. ,06 4 .61a 
f 0, .386 0 .15 -0. .171 0, ,09 3 .20b 
Number studied m 243 447 
f 140 352 
NI = Non-inbred {F=0); IN = Total inbreeding (F>0). Significance 
level a, p <.001; b, p<.01; c, p<.05; d , p<.10. 
7 8 
Table 15 
Means and standard Errors (SE) of 'Z' scores for systolic (SBP) 
and diastolic (DBP) blood pressures on F ^ 0 among the male (m) 
and female (f) children 
Sex(n) S.B.P. D.B.P. 
NI m(n=474) -0.144 .04 -0.260 .04 
f(n=426) -0.218 .05 -0.500 .05 
2C m(n=349) 0.049 .05 -0.002 .06 
f(n=346) -0.030 .05 -0.044 .05 
NIx2C m 3.01c 3.58a 
f 2.66c 6.45a 
ICI m(m=361) 0.164 .06 0.230 .06 
f(n=356) 0.079 0.05 0.092 .05 
'^'nIx ICI m 4.27a 6.80a 
f 4.20a 8.37a 
IC m(n=343) 0.357 .05 -0.067 .06 
f(n=360) -0.051 .05 0.258 .05 
'^'nIxIC m 7.82a 2.68b 
f 2.36b 10.72a 
NI = Non-inbred (F=0); 2C = Second cousin (F=0.0156); 
ICl = First cousin once removed (F=0.0312); IC = First cousin 
(F=0.0625). Significance level, a, p<.001; b, p<.01; c, p<.05. 
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4.3 LINEAR AND NON-LINEAR COMPONENTS OF THE CHANGE OF MEANS 
WITH INBREEDING 
It remains to be examined if the observed increase or 
decrease of mean values of the quantitative traits studied 
as the case may be, is proportional to the increase of the 
coefficient of inbreeding in the subjects or not. This is 
because, theoretically, a few conditions such as dominant/ 
recessive epistatis and or differential rates of selection 
(which is enhanced by inbreeding) might modify the rates of 
mean change and thereby introduce a non-linear component 
(Crow and Kimura, 1970). In fact, both linear and non-linear 
components of the inbreeding effects on means of certain 
physical measurements have been suggested by empirical data 
(Mukherjee, 1984). 
In the present material, the level of significance of 
inbreeding effects and the significance of linear and non-
linear components, if any, are examined by analysis of 
variance and regression analyses. Furthermore, estimates of 
inbreeding effect on mean values (expressed as percent 
inbreeding depression (10%) in the conventional terminology) 
per 10%F are obtained in two ways : (1) derived from the 
average effect in the total inbred series and (2) on the 
basis of linear regressions of the traits on F. 
The purpose of this analysis is (a) to compare 
different traits for the inbreeding effects and also (b) to 
examine correspondence between the two estimates which would 
a d 
be expected in the absence of non-linear effects. 
4.3.1 Analysis of Variance: Within and Between Inbreeding 
Levels 
The age composition for samples of different inbreeding 
levels do not differ significantly at 5% probability level 
2 
between age groups (X =4.46, df 15 and 3.55 df = 15 
respectively for males and females); the anthropometric data 
for specific levels of inbreeding from the different age 
groups are pooled for a rough analysis of variance within 
and between F levels. This rough analysis, though, not 
strictly applicable, indicates that the analyses of variance 
do not show significant difference between inbreeding levels 
in any of the seven anthropometric character at any age 
group in either sex at 5% level of probability. This is 
obviously becauses of the fact that the sample size of each 
inbreeding class in each age group is not large enough to 
show significant level of the small differences between F 
levels observed in the data or that expected theoretically. 
However, variance between F levels is always larger than the 
variance within F levels for each traits and ages. 
The significance level of in between F variance could, 
however, be increased if it were possible to pool the data 
in such a way that the proportion of subjects from different 
F levels in each groups would have been exactly equal. 
(Anthropometric Characters) 
In all the seven measurement of anthropometric 
traits among males (Table 16) in pooled data of all ages 
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studied (which has been justified for a rough analysis here 
on the basis of very low significance of the age composition 
of the samples for different inbreeding levels for each 
sex), both the linear regression of measurements of F and 
the deviation from the linearity are found to be significant 
at least, at 5% probability level, except that the deviation 
from the linearity of inbreeding effect has a lower 
significance for sitting height and head length. However, 
the level of significance depends upon the sample size, 
especially when the value is small, and both linear and non-
linear components in the change of mean with inbreeding has 
to be found as a general feature of the anthropometric 
variation. 
In the case of female (Table 17) a similar trend has 
been observed except for head length and head breadth, again 
in which the non-linear component of change of mean with F 
have a significance level lower than P = 0.05 
(Psychometric Characters) 
Linear and non-linear components of the change of 
mean with inbreeding are also significant either at <0.001, 
<0.01 or <0.05 levels of probability among males and females 
separately or cumulatively for performance IQ (Table 18), 
verbal IQ (Table 19) and full scale IQ (Table 20) 
separately. 
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The only exception observed is that non-linear effect 
(deviation from linear effect) of inbreeding for verbal IQ 
is too small to show significance at 5% level in the sample 
of the given size. In any case that does not permit us to 
conclude about the absence of non-linear deviation in the 
change of mean of verbal IQ with inbreeding. 
The consistent result in the male sample, which did not 
show any significance difference from the female data in 
respect of mean values, justifies the action of using the 
pooled data of both the sexes, which,of course, confirm a 
very highly significant deviation from linearity of 
inbreeding effect in case of mean verbal IQ. 
[Physiological Characters (Blood Pressures)] 
A similar analysis of variance between inbreeding 
levels into its linear and non-linear components has been 
made for systolic, diastolic and mean arterial blood 
pressures among males and females separately. Linear regre-
ssions of systolic blood pressure on F among males arc 
significant, at least at 5% level, in all age groups but the 
non-linear components are not always significant at that 
level of probability. The level of significance of non-
linear component of the inbreeding effect turns out to be 
smaller for boys of age groups 8,9 and 10 years (Table 21). 
But in case of females, the picture slightly alters as no 
significant variance at 0.05 probability level has been 
found for 6 and 7 years of age groups, although they are 
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significant for all other age groups (Table 22). For 
diastolic blood pressure/ among both the sexes, both the 
components are significant at P = 0.05 in all age groups 
studied (Table 23 and 24). For the mean arterial blood 
pressure, also similar results of significant linear and 
non-linear components of inbreeding effects on means is 
obtained for each sex and each age-group (Tables 25 and 26). 
[Dermatoglyphic Characters (Finger)] 
The variance between inbreeding levels for the ridge 
pattern intensity on fingers (measured by trNF) is however, 
not significant at 5% level of probability in either sex 
(Table 27). This is because the amount of average dominance/ 
recessive effect of genes for that the trait is expected to 
be very small, as already explained. The sample size 
available for of these traits is also relatively smaller. 
The foregoing results of analyses of variance confirm 
appreciable inbreeding effects on means of almost all 
parameters except for intensity of ridge-patterns on 
fingers. This would suggest some average effects of 
recessive genes in a multifactorial background but also some 
modificatory effects leading either to non-linear trends of 
change in means due to selection, epistasis and / or 
modifier recessive genes (Kempthorne, 1957; Levins, 1959; 
Crow and Kimura, 1970; Mukherjee, 1984). 
Table 24 
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Analysis of total variance of the d i a s t o l i c blood pressure Into within and between Inbreeding 
groups and lat ter Into that due to linear regression and deviation fron l inear i ty: and the 
significance of variance rat io anong fenale children of different ages. 
Source of Variance Sun of Squares df. NesR Sun of.S.qures Variance ratio 
BODY WEIGHT 
Total 25016.64 
Between Inbreeding groups 3295.81 
Due to regression on F 1238.44 
Deviation from linearity 2057.36 
Residual(With1n inbreeding groups) 21720.83 
689 
3 
1 
2 
686 
1098.60 
1238.44 
1028.68 
31.66 
34.69a 
39.11a 
32.48a 
STANDING HEIGHT 
Total 
Between inbreeding groups 
Due to regression on F 
Deviation from linearity 
Residual (Within inbreeding groups) 
82463.58 
3390.15 
2177.53 
1212'.62 
79073.43 
689 
3 
1 
2 
686 
1130.05 
2177.53 
606.31 
115.26 
9.80a 
18.89a 
5.26b 
SITTING HEIGHT 
Total 39421.72 
Between inbreeding groups 976.71 
Due to regression on F 873.74 
Deviation from linearity 102.97 
Residual (Within inbreeding groups) 38445.01 
689 
3 
1 
2 
686 
325.57 
873.74 
51.48 
56.04 
5.80a 
15.59a 
00.92 
HEAD CIRCUMFEREHCE. 
Total 11743.55 
Between inbreeding groups 1401 .27 
Due to regression on F 1086.42 
Deviation from linearity 314.85 
Residual (Within inbreeding groups) 10342.28 
689 
3 
1 
2 
686 
467.09 
1086.42 
157.42 
15.07 
30.98a 
72.06a 
10.44a 
HEAD LENGTH 
Total 
Between inbreeding groups 
Due to regression on F 
Deviation from linearity 
Residual (Within inbreeding groups) 
HEAD BREADTH 
Total 
Between inbreeding groups 
Due to regression on F 
Deviation from linearity 
Residual (Within inbreeding groups) 
CHEST CIRCUMFERENCE 
Total 
Between inbreeding groups 
Due to regression on F 
Deviation from linearity 
Residual (Within inbreeding groups) 
8452.50 
1130.01 
n06.86 
23.15 
7322.49 
8793.98 
1715.85 
1626.13 
89.72 
7078.13 
22182.73 
1434.56 
1194.92 
239.64 
20748.17 
689 
3 
1 
2 
686 
689 
3 
1 
2 
686 
689 
3 
1 
2 
686 
376.67 
1106.86 
11.57 
10,67 
571.95 
1626.13 
44.86 
10.31 
478.18 
1194.92 
119.82 
30.24 
35.28a 
103.69a 
1.08 
55.43a 
157.60a 
4.35a 
15.81a 
39.50a 
3.96c 
S i g n i f i c a n c e level a, p<.001; b, p < . 0 1 ; c, p<.05. 
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Table 24 
Analysis of total variance of the d i a s t o l i c blood pressure Into within and between Inbreeding 
groups and lat ter Into that due to linear regression and deviation fron l inear i ty: and the 
significance of variance rat io anong fenale children of different ages. 
Source of variance Sua of Squares df. Mean SuaofSquares Variance ratio 
BODY MEISHT 
Total 
Between Inbreeding groups 
Due to regression on F 
Deviation from linearity 
Residual (Within inbreeding 
STANDING HEIGHT 
Total 
Between inbreeding groups 
Due to regression on F 
Deviation from linearity 
Residual (Within inbreeding 
SITTIKfi HEIGHT 
Total 
Between inbreeding groups 
Due to regression on F 
Deviation from linearity 
5721.02 
527.38 
458.96 
68.42 
groups) 5193.64 
23288.52 
3053.71 
2735.42 
318.29 
groups) 20234.81 
10914.57 
1947.04 
1689.90 
257.14 
Residual (Within inbreeding groups) 8967.53 
HEAD CIRCUMFERENCE 
Total 
Between inbreeding groups 
Due to regression on F 
Deviation from linearity 
6771.93 
1658.41 
1267.85 
390.56 
Residual (Within inbreeding groups) 5113.52 
HEAD LENGTH 
Total 6200.43 
Between inbreeding groups 84.51 
Due to regression on F 74.10 
Deviation from linearity 10.41 
Residual (Within Inbreeding groups) 6115.92 
HEAD BREADTH 
Total 7444.90 
Between Inbreeding groups 118.41 
Due to regression on F 49.41 
Deviation from linearity 69.0 
Residual (Within Inbreeding groups) 7326.57 
CHEST CIRCUKFERENCE 
Total 9830.60 
Between inbreeding groups 861.39 
Due to regression on F 326.19 
Deviation from linearity 535.21 
Residual (Within inbreeding groups) 8969.20 
491 
3 
1 
2 
488 
491 
3 
1 
2 
488 
491 
3 
1 
2 
488 
491 
3 
1 
2 
488 
491 
3 
1 
2 
488 
491 
3 
1 
2 
488 
491 
3 
1 
2 
488 
175.79 
458.96 
34.21 
10.64 
1017.9 
2735.42 
159.14 
41.46 
649.01 
1689.90 
128.57 
J8.37 
552.80 
1267.85 
195.28 
10.48 
28.17 
74.10 
5.2 
12.52 
39.47 
49.41 
34.5 
15.01 
287.13 
326.19 
267.60 
18.38 
16.51a 
43.12a 
3.21c 
24.54a 
65.96a 
3.84c 
35.31a 
91.96a 
6.99a 
52.75a 
120.99a 
18.63a 
2.24 
5.91c 
0.42 
2.62 
3.29c 
2.29 
15.62a 
17.74a 
14.56a 
S i g n i f i c a n c e level a, p<.001; b, p<.01; c, p<.05. 
bb 
Table 18 
Analysis of total variance of the performance IQ Into within and between Inbreeding groups and 
latter into that due to linear regression and deviation from linearity : and the significance of 
variance ratio aaong the children. 
Source of variance Sun of Squares df Mean Sun of Squares Variance ratio 
Total 
Between Inbreeding groups 
Due to regression on F 
Deviation from linearity 
MALE C H I L D R E N 
169264.08 640 
27930.59 3 
22955.36 1 
4975.23 2 
Residual (Within inbreeding groups)141333.49 637 
9310.29 
22955.36 
2467.62 
221.87 
41.96a 
103.463 
ni21a 
Total 
Between Inbreeding groups 
Due to regression on F 
Deviation from linearity 
F E M A L E C H I L D R E N 
168373.14 602 
23349.29 3 
20720.28 1 
2629.11 2 
Residual (Within Inbreeding groups)145023.85 599 
7783.09 
20720.28 
1314.56 
242.11 
32.15a 
85.58a 
5.43b 
C O M B I N E D SEXES 
Total 
Between inbreeding groups 
Due to regression on F 
Deviation from linearity 
336629.93 
49405.44 
43081.14 
6324.30 
Residual (Within inbreeding groups)287224.49 
1243 
3 
1 
2 
1240 
16468.48 
43081.14 
3162.15 
231.63 
71.09a 
185.99a 
13.65a 
S i g n i f i c a n c e level a, p < . 0 0 1 ; b, p < . 0 1 ; c, p < . 0 5 . 
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Table 30 
Analysis of total variance of the verbal IQ Into within and between Inbreeding groups and latter 
Into that due to linear regression and deviation froa linearity: and the significance of 
variance ratio aMong the children. 
Source of variance Sua of squares df Hean SUM ofsquares Variance ratio 
Total 
Between inbreeding groups 
Due to regression on F 
Deviation from linearity 
Residual (Within inbreeding groups) 
HALE CHILDREN 
155194.83 640 
15005.66 3 5001.89 
13236.52 1 13236.52 
1769.14 2 884.57 
140189.17 637 220.08 
22.73a 
60.14a 
4.02c 
Total 
Between inbreeding groups 
Due to regression on F 
Deviation from linearity 
Residual (Within inbreeding groups) 
FENALE CHILDREN 
145806.93 602 
16261.83 3 5420.61 
15647.21 1 15647.21 
614.62 2 307.32 
129545.10 599 216.27 
25.06a 
72.35a 
1.42 
Total 
Between Inbreeding groups 
Due to regression on F 
Deviation from linearity 
Residual (Within inbreeding groups) 
COMBINED SEXES 
300802.01 1243 
31089.01 3 10363.00 
28878.98 1 28878.98 
2210.03 2 1105.02 
269713.00 1240 217.51 
47.64a 
132.77a 
5.08b 
Significance level a, p<.001; b , p<.01; c , p<.05. 
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Table 20 
Analysis of total variance of the full scale IQ Into within and between Inbreeding groups and 
latter Into that due to linear regression and deviation froa linearity: and the significance of 
variance ratio anong the children 
Source of virance SUB of squares dfMeanSuoof squares Variance ratio 
MALE CHILDREN 
Total 162459.16 640 
Between Inbreeding groups 15243.06 3 5081.02 21.98a 
Due to regression on F 13520.71 1 13520.71 58.50a 
Deviation from linearity 1722.35 2 861.18 3.72c 
Residual (Within Inbreeding groups) 147216.10 637 231.11 
FEMALE CHILDREN 
Total 148255.04 602 
Between Inbreeding groups 12706.84 3 4235.61 18.72a 
Due to regression on F 10994.17 1 10994.17 48.58a 
Deviation from linearity 1712.67 2 , . 856.32 3.78c 
Residual (Within Inbreeding groups) 135548.20 599 226.29 
COMBINED SEXES 
Total 310552.30 1243 
Between inbreeding groups 29141.93 3 3713.98 16.37a 
Due to regression on F 25769.57 1 25769.57 113.568 
Deviation from linearity 3372.36 2 1686.18 7.43a 
Residual (Within inbreeding groups) 281410.37 1242 226.93 
S i g n i f i c a n c e level a, p<.001; b, p < . 0 1 ; c, p < . 0 5 . 
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Table 24 
Analysis of total variance of the d i a s t o l i c blood pressure Into within and between Inbreeding 
groups and lat ter Into that due to linear regression and deviation fron l inear i ty: and the 
significance of variance rat io anong fenale children of different ages. 
Source of Variance Sua of squares df. 
Mean 
SUB of. squares Variance ratio 
6 Years of age 
Total 29826.64 
Between Inbreeding groups 1614.44 
Due to regression on F 814.43 
Deviation from linearity 800.01 
Residual (Within inbreeding groups) 28212.20 
7 Years of age 
Total 24433.96 
Between inbreeding groups 1875.56 
Due to regression on F 1459.30 
Deviation from linearity 416.26 
Residual (Within inbreeding groups) 22558.30 
233 
3 
1 
2 
230 
239 
3 
1 
2 
2 36 
538.14 
814.43 
400.00 
122.66 
625.18 
1459.30 
208.13 
95.58 
4.38b 
6.64b 
3.26c 
6.54a 
15.26a 
2.18c 
8 Years of age 
Total 22184.10 
Between inbreeding groups 452.55 
Due to regression on F 308.53 
Deviation from linearity 144.01 
Residual (Within Inbreeding groups) 21731.55 
249 
3 
1 
2 
246 
150.85 
303.53 
72.00 
88.33 
1.71 
3.49c 
0.82 
9 Years of age 
Total 26885.60 
Between inbreeding groups 1638.8 
Due to regression on F 1369.53 
Deviation from linearity 269.27 
Residual (Within Inbreeding groups) 25246.80 
261 
3 
1 
2 
258 
546.26 
1369.53 
134.63 
97.85 
5.58a 
13.99a 
1.37 
10 Years of age 
Total 
Between inbreeding groups 
Due to regression on F 
Deviation from linearity 
Residual (Within inbreeding groups) 
31689.23 
1795.83 
1283.57 
512.26 
29893.40 
259 
3 
1 
2 
2 56 
598.61 
1283.57 
256.13 
116.77 
5.13b 
10.99a 
2.19 
11 Years of age 
Total 37681.13 
Between inbreeding groups 2243.62 
Due to regression on F 1401.81 
Deviation from linearity 841.80 
Residual (Within inbreeding groups) 35437.51 
280 
3 
1 
2 
277 
747.87 
1401.81 
420.90 
127.93 
5.84a 
10.95a 
3.29c 
S i g n i f i c a n c e level a, p<.001; b, p < . 0 1 ; c, p < . 0 5 . 
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Table 24 
Analysis of total variance of the d i a s t o l i c blood pressure Into within and between Inbreeding 
groups and latter Into that due to linear regression and deviation fron l inear i ty: and the 
significance of variance rat io anong fenale children of different ages. 
Source of variance Sun of squares df Mean Sum of squares Variance ratio 
6 Years of age 
Total 2 6 3 0 4 . 1 0 
B e t w e e n inbreeding g r o u p s 731.40 
Due to regression on F 4 4 6 . 0 9 
Deviation from linearity 2 8 5 . 3 2 
Residual (Within inbreeding g r o u p s ) 25572.70 
2 0 5 
3 
1 
2 
202 
243.8 
446.09 
142.65 
126.59 
1.92 
3.52 
1.12 
7 Years of age 
Total 2 6 6 1 1 . 3 8 
Between inbreeding groups 598.78 
Due to regression on F 3 7 0 . 14 
Deviation from linearity 228.63 
R e s i d u a l (Within inbreeding g r o u p s ) 2 6 0 1 2 . 6 0 
231 
3 
1 
2 
228 
199.60 
3 7 0 . 1 4 
114.31 
114.09 
1.75 
3.25 
1.00 
8 Years of age 
Total 35875.80 
Between Inbreeding groups * 2068.04 
Due to regression on F 1469.89 
Deviation from linearity 598.14 
Residual (Within Inbreeding g r o u p s ) 33807.56 
267 
3 
1 
2 
264 
6 8 9 . 3 4 
1459.89 
299.07 
128.05 
5.38b 
11.47a 
2.34 
9 Years of age 
Total 39690.60 
Between inbreeding groups 4858.48 
Due to regression on F 1407.13 
Deviation from linearity 3451.31 
Residual (Within inbreeding g r o u p s ) 34832.12 
10 Years of age 
Total 38397.14 
Between inbreeding groups 2361.61 
Due to regression on F 839.23 
Deviation from linearity 1522.40 
Residual (Within inbreeding g r o u p s ) 36035.53 
11 Years of age 
Total 38816.40 
Between inbreeding groups 1850.32 
Due to regression on F 1538.32 
Deviation from linearity 312.00 
Residual (Within inbreeding g r o u p s ) 36966.08 
251 
3 
1 
2 
248 
2 63 
3 
1 
2 
260 
265 
3 
1 
2 
262 
1619.49 
1407.13 
1725.65 
140.45 
787.20 
839.23 
761.20 
138.59 
616.77 
1538.32 
156.00 
141.09 
11.53a 
10.01a 
12.28a 
U . 0 3 a 
6 . 0 5 b 
5.49b 
4.37b 
10.90a 
1.10 
Significance level a, p<.001; b, p<.01; c, p<.05. 
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Table 24 
Analysis of total variance of the diastolic blood pressure Into within and between Inbreeding 
groups and latter Into that due to linear regression and deviation fron l ineari ty: and the 
significance of variance rat io anong fenale children of different ages. 
Source of variance SuD of squares df.Mean Sun ofsquares Variance ratio 
6 Years of age 
Total 21252.09 
Between inbreeding groups 2713.35 
Due to regression on F 2194.28 
Deviation from linearity 519.06 
Residual (Within inbreeding g r o u p s ) 18538.74 
2 33 
3 
1 
2 
2 3 0 
904.45 
2194.28 
259.53 
80.60 
11.22a 
2 7 . 2 2 a 
3.22c 
7 Years of age 
Total 2 3 0 0 2 . 5 4 
Between inbreeding-groups 2 6 7 0 . 1 7 
Due to regression on F 1530.54 
Deviation from linearity 1139.63 
Residual (Within inbreeding g r o u p s ) 20332.40 
2 3 9 
3 
1 
2 
236 
890.05 
1530.54 
569.81 
86.15 
10.33a 
17.76a 
6.61b 
8 Years of age 
Total 21759.40 
Between inbreeding groups 1116.05 
Due to regression on F 833.90 
Deviation from linearity 282.15 
Residual (Within inbreeding g r o u p s ) 20643.35 
249 
3 
1 
2 
246 
3 7 2 . 0 1 
833.90 
141.07 
83.91 
4.43b 
9.93a 
1 .68 
9 Years of age 
Total 2 6 6 2 0 . 9 0 
Between inbreeding groups 2917.10 
Due to regression on F 1324.16 
Deviation from linearity 1592.93 
Residual (Within inbreeding g r o u p s ) 2 3 7 0 3 . 8 
261 
3 
1 
2 
258 
972.36 
1324.16 
7 9 6 . 4 6 
91.87 
10.58a 
14.14a 
8.66a 
10 Years of age 
Total 34265.48 
Between inbreeding groups 9 9 5 . 9 0 
Due to regression on F 676.94 
Deviation from linearity 3 1 8 . 9 0 
Residual (Within inbreeding g r o u p s ) 33269.58 
259 
3 
1 
2 
256 
3 3 1 . 9 6 
676.94 
159.43 
129.95 
2.55 
5.21c 
1.22 
11 Years of age 
Total 33080.06 
Between inbreeding g r o u p s 2 0 7 6 . 2 6 
Due to regression on F 1397.23 
Deviation from linearity 679.03 
Residual (Within inbreeding g r o u p s ) 31003.80 
280 
3 
1 
2 
277 
6 9 2 . 0 8 
1397.23 
339.51 
111.92 
6.18a 
12.48a 
3.03c 
Significance level a, p<.001; b, p<.01; c, p<.05. 
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Table 24 
Analysis of total variance of the diastolic blood pressure Into within and between Inbreeding 
groups and latter Into that due to linear regression and deviation fron l inear i ty: and the 
significance of variance ratio anong fenale children of different ages. 
Source of variance Sum of squares df Mean Sum ofsquares Variance ratio 
6 Years of age 
Total 
Between inbreeding groups 
Due to regression on F 
Deviation from linearity 
21812.12 
2016.60 
1571.92 
444.62 
Residual (Within inbreeding g r o u p s ) 19795.52 
205 
3 
1 
2 
202 
672.20 
1571.92 
222.31 
97.99 
6.85a 
16.04a 
2 . 2 7 
7 Years of age 
Total 23525.98 
Between inbreeding groups 3002.38 
Due to regression on F 446.39 
Deviation from linearity 2555.98 
Residual (Within inbreeding g r o u p s ) 20523.60 
231 
3 
1 
2 
2 2 8 
1000.79 
446.39 
1277.99 
90.01 
11.12a 
4 . 9 5 c 
14.20a 
8 Years of age 
Total 27501.37 
Between inbreeding groups 3185.57 
Due to regression on F 2396.15 
Deviation from linearity 789.41 
Residual (Within inbreeding g r o u p s ) 24315.80 
267 
3 
1 
2 
264 
1061.85 
2396.15 
394.70 
72.10 
n . 5 0 a 
26.01a 
4.28c 
9 Years of age 
Total 3 0 7 1 4 . 17 
Between inbreeding groups 4489.17 
Due to regression on F 3747.71 
Deviation from linearity 741.45 
Residual (Within inbreeding g r o u p s ) 26225.00 
251 
3 
1 
2 
2 4 8 
1496.39 
3747.71 
370.72 
105.74 
14.15a 
35.44a 
3.50c 
10 years of age 
Total 
Between inbreeding groups 
Due to regression on F 
Deviation from linearity 
Residual (Within inbreeding g r o u p s ) 
n Years of age 
Tota 1 
Between inbreeding groups 
Due to regression on F 
Deviation from linearity 
R e s i d u a l (Within Inbreeding g r o u p s ) 3 4 5 6 I , 
33214.30 
4857.29 
3984.62 
872.66 
28357.01 
38367.87 
3806.67 
2578.23 
1228.43 
20 
273 
3 
1 
2 
270 
265 
3 
1 
2 
262 
1619.09 
3984.62 
436.33 
105.02 
1263.89 
2578.23 
614.21 
131.91 
15.41a 
37.93a 
4.15c 
9.62a 
19.54a 
4.65b 
Significance level a, p<.001; b, p<.01; c, p<.05. 
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Tab le 25 
A n a l y s i s o f t o t a l v a r i a n c e o f the Mean A r t e r i a l b lood pressures I n t o w i t h i n and between 
I n b r e e l n g groups and l a t t e r I n t o t h a t due t o l i n e a r r e g r e s s i o n and d e v i a t i o n f roM l i n e a r i t y : 
and the s i g n i f i c a n c e of v a r i a n c e r a t i o anong male c h i l d r e n o f d i f f e r e n t ages. 
'• Mean 
Sun of squares Source of v a r i a n c e Sum of squares d f . V a r i a n c e ratio 
6 y e a r s of age 
Total 
Between inbreeding groups 
Due to regression on F 
Deviation from linearity 
22017.07 
2443.37 
1853.21 
590.16 
Residual (Within inbreeding g r o u p s ) 19573.70 
233 
3 
1 
2 
2 3 0 
814.45 
1853.21 
2 9 5 . 0 8 
85.10 
9.57a 
21.77a 
3.46c 
7 Years of age 
Total 2 3 9 0 4 . 12 2 3 9 
Between inbreeding groups 1621,12 3 540.37 
D u e to regression on F 1310.85 1 1310.85 
Deviation from linearity 310.27 2 155.13 
Residual (Within inbreeding g r o u p s ) 22283 236 94.41 
5.72a 
IS.SSa 
1.64 
8 Years of age 
Total 21252.10 
Between inbreeding groups 666,30 
Due to regression on F 608.26 
Deviation from linearity 258.04 
Residual (Within inbreeding g r o u p s ) 20385.80 
249 
3 
1 
2 
246 
288.76 
608.26 
129.02 
82,86 
3.48c 
7.34a 
1.55 
9 Years of age 
Total 2 6 6 2 0 . 9 0 
Between inbreeding groups 2143.78 
Due to regression on F 1339.21 
Deviation from linearity 804.57 
Residual (Within inbreeding groups) 24477.12 
10 Years of age 
Total 31004.09 
Between inbreeding groups 2 0 2 6 , 7 9 
Due to regression on F 995.65 
Deviation from linearity 1031.14 
Residual (Within inbreeding g r o u p s ) 2 8 9 7 7 . 3 0 
261 
3 
1 
2 
2 5 8 
2 5 9 
3 
1 
2 
256 
714.59 
1339,21 
4 0 2 . 2 8 
94.87 
6 7 5 . 5 9 
995.65 
515.57 
113.19 
11 Y e a r s of age 
Total 35829.87 2 8 0 
Between inbreeding groups 4362.07 3 1454.02 
Due to regression on F 1327.07 1 1327.07 
Deviation from linearity 3035.99 2 1517.99 
Residual (Within inbreeding g r o u p s ) 3 1 4 6 7 . 8 0 277 n3-.60 
7.73a 
1 4 . n a 
4.24c 
5,96a 
8.79a 
4.55b 
12.79a 
n , 6 8 a 
13.36a 
Significance level a, p<.001; b, p<.01; c, p<.05. 
Table 26 
9 4 
Analysis of total variance of the Mean Arterial blood pressure Into within and between Inbree-
ding groups and latter Into that due to linear regression and deviation fron l inear i ty: and the 
significance of variance ratio anong fenale children of different ages 
Source of variance Sun of squares df. sum Variance ratio 
6 Years of age 
Tota 1 
Betwsen Inbreeding groups 
Due to regression on F 
Deviation from linearity 
21516.40 
1202.96 
1190.38 
12.58 
Residual (Within inbreeding groups) 20313.44 
205 
3 
1 
2 
202 
400.98 
1190.38 
6.29 
100.56 
3.98c 
11.83a 
00.06 
7 Years of age 
Total 27010.41 231 
Between inbreeding groups 2098.82 3 699'60 
Due to regression on F 1649.98 1 1649.98 
Deviation from linearity 448.80 2 224.42 
Residual (Within inbreeding groups) 24911.59 228 109.26 
6.40a 
15.10a 
2.05 
8 Years of age 
Total 28321.83 267 
Between inbreeding groups 2677.83 3 892.61 
Due to regression on F 2176.81 1 2176.81 
Deviation from linearity 510.01 2 250.50 
Residual (Within inbreeding groups) 25644.00 264 97.13 
9.18a 
22.4a 
2.57 
9 Years of age 
Total 31160.87 251 
Between inbreeding groups 3089.07 3 1029.69 
Due to regression on F 2480.90 1 2480.90 
Deviation from linearity 608.16 2 304.08 
Residual (Within inbreeding groups) 28071.80 248 113.19 
9.09a 
21.91a 
2.69 
10 Years of age 
Total 32410.36 263 
Between inbreeding groups 2896.76 3 965.58 
Due to regression on F 2659.38 1 2659.38 
Deviation from linearity 237.37 2 118.68 
Residual (Within inbreeding groups) 29513.60 260 113.51 
8.50a 
23.40a 
1.04 
11 Years of age 
Total 38112.76 265 
Between inbreeding groups 3456.96 3 1152.32 
Due to regression on F 2252.93 1 2252.93 
Deviation from linearity 1204.02 2 602.01 
Residual (Within inbreeding groups) 34655.80 262 132.27 
8.71a 
17.03a 
4.55c 
Significance level a, p<.001; b, p<.01; c , p<.05. 
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Table 27 
Analysis of total variance of trNF into within and between 
inbreeding groups and latter into that due to linear regression 
and deviation from linearity: and the significance of variance 
ratio among male (m) and female (f) children. 
Source Sex Sum of df Mean Sum Variance 
Squares of Squares ratio 
Betv/een different m 25. ,26 3 8. .42 0. .78 
inbreeding levels f 69. .27 3 23, .09 1. .47 
Due to linear m 04, ,16 1 4. .16 0. .39 
rcgreBsion f 35. ,62 1 35, .62 2, .26 
Due to deviation m 21. .10 2 10, .60 0, .98 
froTi mean f 33. ,65 2 16, .63 1, .06 
Within different m 3781. .40 352 10, .74 
inbreeding levels f 5762. .26 366 15, .74 
Tota] m 3806. .67 355 10, .72 
f 5831. ,53 369 15: :80 
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4.4 Magnitude of Correlation and Linear Regression 
The correlation between measurements and F values and 
regression of measurement of F with inbreeding on anthropo-
metric, psychometric, physiometric and dermatoglyphics are 
presented in the table 28 to 33. For comparative studies of 
the magnitudes of linear effects of inbreeding on measure-
ments, the coefficient of correlation between specific 
measurements (variables) and the F-values of the subjects 
are estimated along with the coefficients of regression of 
those measurements on F and the 'a' values in the equation 
of regression (the value of measurements in the non-inbred, 
F=0) sample in each sex and age. 
As expected, all the physical measurements, and psycho-
metric measurements, generally display a significant (at 
P=0.05) negative association with increase in F-values of 
individuals in either sex as reflected by negative 
correlatin with and regressin on F. There - are a few^ 
cases only of non-significant values owingto sampling 
errors. On the other hand, blood pressres and pattern 
intensity on fingers, display positive correlations (r) and 
regressions (b) on F in each sex and where relevant in each 
age group. The values of 'r' and 'b' are also significant 
for blood pressures, but not in trNF, as explained earlier. 
Although there is no clear trend of multiplicity in 
inbreeding effects on means with age in growing period. 
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certain age trends can still be traced, if we compare the 
rank orders of correlation of different characters with F 
values. Such correlation is largest for body weight and 
chest circumference in boys of 6 and 7 years, but the 
reverse trend is found among boys of over ages (8 years and 
onwards). Similarly among girls, standing height shows the 
highest correlation with F with all the measurements taken 
in older girls only from 9 years of age and onwards. It may 
be premature to seek any explanation for this apparent age 
trend in the inbreeding effect on physical measurements,Onthe 
other hand, in case of blood pressure, there is a general 
trend of the diastolic blood pressure to have the highest 
inbreeding effects on the means in terms of correlation, in 
both the sexes with a few exceptions only. 
There is also a faint indication of increased inbree-
ding effect on means in females compared to males for body 
weight, standing height and sitting height. However, for the 
first two measurements representing overall growth, the 
excess effect in females is observed in the later age-groups 
from 8 or 9 years onwards,represent adolescence. 
It is not unlikely that linear inbreeding effects on 
standing height is significantly greater in females during 
adolescence when phenotypic values are largely determined by 
genotypes in them (Morton, 1958; Tanner, 1977 and others), 
v/hereas the adolescent age for males has not been covered in 
9 8 
the present study. 
Excess of linear inbreeding effect on diastolic blood 
pressure in females over that in males in the over age 
group beyond 8 - 1 0 years, is confirmed by other studies, 
and might reflect the same phenomenon. But these are 
problems for future investigatins. 
It sould, however, be mentioned that the correlations 
between triradial number on fingers (trNF) and F is signi-
ficantly greater in the females compared to males, although 
the magnitude of linear inbreeding effects is rather very 
small, as explained earlier. This does not preclude the 
possibility of a small X-linked influence in addition to 
additive genes for that trait. 
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Tab le 28 
Cor re1 a t i o n s ( r ) and c o e f f i c i e n t s of r e g r e s s i o n ( b ) of a n t h r o p o m e t r i c t r a i t s on F^O 
aaong the M a l e c h i l d r e n of d i f f e r e n t ages . 
6 Years 7 Years 8 years 9 Years 10 Years 11 Years 
Body Weight 
r SE -0.45 00X)8 -0.37 00.08 - 0.27 00.09 --0.26 00.09 --0.24 00.08 "0.17 00.08 
a 16.32 17.57 19.97 22.38 24.03 25.05 
b SE -94.87 18.92 -108.96 26.70 - 8 0 . 7 0 27.08 - 8 3 . 3 0 29.39 "85.93 31.23 - 4 6 . 2 3 23.68 
Standing height 
r S E - 0 . 2 5 00.09 -00.28 00.09 -00.17 00.19 -0.19 00.09 -0.20 00.08 --00.13 00.09 
a 117.51 120.82 121.45 124.32 127.29 127.92 
b SE ^04.63 40.58 -160,41 54.31 - 095.66 52. 16 il4.03 54.71 " 136.04 54.67 - 069.46 45.76 
Sitting height 
r SE '0'30 00.09 -0. 18 00.09 - 0 . 17 00.09 - 0 . 18 00.08 - 0 . 16 00.09 -0. 12 00.09 
a 63.52 63.40 65.40 66.52 67.28 67.79 
b SE -87.31 '27.90 -69.33 36.97 - 7 7 . 8 3 42.44 - 76.78 38.96 "71.02 38.59 "39.96 29.22 
Head circuDference 
r SE - 0.32 00.09 -0.32 00.09 "0.50 00.07 -0.40 00.08 " 0.35 00.08 "0.30 00.08 
a 50.46 52.39 52.96 53.84 53.90 54.79 
b SE -71 . 56 21 .51 -102 .85 30.00 - 87. 56 14.39 -«6.59 18.69 " 70.49 16.75 "45.73 12.97 
Head length 
r SE - 0 . 18 00. 10 -0.32 00.09 "0.41 00.08 "0.38 00.08 " 0.40 00.07 " 0.39 00.07 
a 17.80 19.11 20.23 20.51 21.07 21.34 
b SE ^ 9 . 9 0 16.59 -57.32 16.72 - 7 4 . 9 1 15.82 "75.13 17.13 - 8 4 . 6 1 17.21 " 6 4 . 1 8 13.50 
Head breadth 
r SE " 0 . 19 0010 -0.32 00.09 ' 0.40 00.08 "0.51 00.07 " 0.58 00.06 " 0.40 00.07 
a 14.54 15.24 16.61 17.82 19.19 18.15 
b SE - 30,25 1 5.87 - 46.24 2 1 , 11 -71 , 79 15.62 -96.20 15.20 "129.87 16. 19 - 75.18 15.35 
Chest circuBference 
r SE - 0 . 3 8 00,09 - 0 , 3 7 00,08 - 0 , 3 3 00.08 -0,23 00,09 - 0 . 2 5 00.08 " 0 . 1 6 00.06 
a 54.95 58,01 60,16 62,39 64.29 65.05 
b SE -1 1 6, 35 28,76 -1 1 6.89 28.92 "90,97 24.70 -70.74 28,02 " 81,01 27.85 " 39,49 21.70 
1 0 0 
Tab le 29 
• 3 r r e 1 a t 1 o n s { r ) a n d c o e f f i c i e n t s o f r e g r e s s i o n ( b ) o f a n t h r o p o n e t r i c t r a i t s o n F ^ O 
• r o n g t h e f e a a l e c h i l d r e n o f d i f f e r e n t a g e s . 
6 Years 7 years 8 Years 9 Years 10 Years 11 Years 
Body Weight 
r SE -0.43 00.10 -0.30 00.11 -0.25 00.11 -0.33 00.10 -0.27 00.09 -0.24 00.10 
12.67 14.56 a 
b SE 
11.66 16.59 18.87 19.98 
-57.62 15.76 -42.18 15.52 -32.51 14.35 -42.21 14.65 -42.62 17.61 -35.24 14.63 
Standing Height 
r SE -0.17 00.12 -0.20 00.11 -0.41 00.09 -0.50 00.08 -0.42 00.08 -0.41 00.08 
102.07 111,89 a 
b SE 
99.95 114.17 116.54 119.14 
-51.81 39.11 -52.79 38.32 -112.18 28.44 -126.62 23.79 -128.04 28.69 -144.22 32.92 
Sitting Height 
r SE -0.46 00.10 
a 56.06 
b SE -93.53 23.51 
Head Circuaference 
r SE -0.56 00,09 
a 48.57 
b SE -79.30 15.28 
Head Length 
r SE -0.13 00.12 
3 16.34 
b SE -15.60 05.53 
head Breadth 
r SE -0.08 00.12 
13.01 
b SE -10.90 18.38 
Chest CircuBiference 
r SE -0,24 00.12 
i 50.58 
b SE -36.01 18.97 
-0.41 00.10 -0.32 00.10 
57.14 59.09 
-0.48 00.08 -0.31 00.09 
61.25 61.78 
-92.64 24.46 -55.67 18,78 -97.78 09,38 -66.75 21.23 
-0,44 00,93 -0.32 00.10 
49.94 50.62 
-0,27 00,10 -0,34 00.09 
51,43 52.49 
-74.61 18.07 -47.02 15.87 -40.58 15.70 -47.79 13,71 
-0,12 00.11 -0.09 00.11 
17.09 17.56 
-0.08 00.10 -0.14 00.10 
17.92 18.35 
-18.85 18,51 -14,70 18.55 -13.59 08,38 -17.27 12,67 
-0,13 00.11 -0.07 00.11 
13.78 14.06 
-0.07 00.10 -0.06 00,10 
14,32 14,58 
-18.97 17,18 -12.27 19.10 -11,50 19.11 -11.26 17,28 
-0.32 00.10 -0.24 00.10 
53.84 56.62 
-0.22 00.10 -0.12 00.10 
58.45 59.58 
-46,98 16.51 -38,10 17.56 -45,38 21,83 -25,37 21.43 
-0,42 00.08 
63.70 
-90.56 20.07 
-0.35 00,09 
53.56 
-67,81 18,62 
-0.11 00.10 
18.74 
-17.69 16.71 
-0.08 00,10 
14,93 
-13,99 19,41 
-0,16 00.09 
61.96 
-35.85 22.69 
1 0 1 
Table 30 
Correlations(r) and coefficients of regression(b) of different IQs 
on F^O among the children. 
Sex SE SE 
Perforoance IQ Male 
Female 
Combined 
-0.37 
-0.34 
-0.36 
0.03 
0.04 
0.03 
108.51 
107.07 
107.90 
-252.10 25.04 
-238.47 26.93 
-248.43 18.02 
Verbal IQ Male 
Female 
Combined 
-0.29 
-0.33 
-0.31 
0.04 
0.04 
0.03 
104.79 
104.13 
104.49 
-189.20 24.70 
-215.39 25.16 
-202.22 17.61 
Full Scale IQ Male 
Female 
Combined 
-0.29 
-0.27 
-0.29 
0.04 
0.04 
0.03 
107.11 
104.69 
106.18 
•193.58 
-177.70 
•192.22 
25.27 
2 5.88 
18.02 
1 0 2 
Table 29 
Correlations(r) and coefficients of regression(b) of blood 
pressures on F^O among male children of different a g e s . 
6 Years 7 Years 8 Years 9 Years 10 Years 11 Years 
SYSTOLIC BLOOD PRESSURE 
r SE (300. 19 00.06 0.22 00.06 0 . 12 00.06 0.24 00.06 0.20 00.06 0.19 00.06 
a 100.52 101.17 102.20 103.11 104.34 106.35 
b SE 089.34 30.23 122.52 27.82 049.42 25.97 103.72 26.02 095.S8 29.15 097.22 29.60 
DIASTOLIC BLOOD PRESSURE 
r SE 0.32 00.06 0.26 00.06 0.20 00.06 0.22 00.06 0.14 00.06 0.20 00.06 
a 050.66 058.92 062.30 063.89 064.75 065.73 
b SE 127.29 24.61 111.24 25.59 079.73 24.89 095.88 25.99 069.45 30.58 097.12 27.65 
MEANArtERIAL BLOOD PRESSURE 
r SE 0.29 00.06 0.23 00.06 0.17 00.06 0.22 00.06 0.18 00.06 0.20 00.06 
a 073.90 073.26 075.47 076.92 077 .85 079.18 
b SE 116.82 25.31 103.25 27.83 068.53 25.23 096.31 25.99 084.93 28.90 094.40 26.68 
1 0 3 
Table 29 
Correlations(r) and coefficients of regression(b) of blood pressure on 
F^O among female children of different ages. 
6 Years 7 Years 8 Years 9 Years 10 Years 11 Years 
SYSTOLIC BLOOD PRESSURE 
r SE 0.13 00.07 0.12 00.07 0.20 00.06 0.19 00.06 0.15 00.06 0.20 00.06 
a 100.62 101.93 101.76 104.32 107.30 107.13 
b SE 062.57 33.42 055.48 30.27 100.85 29.98 102.39 33.46 075.70 30.72 103.36 31.17 
DIASTOLIC BLOOD PRESSURE 
r SE 0.27 00.07 0.14 00.06 0.30 00.06 0.35 00.05 0.35 00.05 0.26 00.06 
a 065.40 065.77 065.03 065.69 067.65 068.99 
b SE 117.47 29.67 058.52 27.29 128.95 25.61 165.44 28.09 162.28 26.68 133.07 30.54 
MEAK ARTERIAL BLOOD PRESSURE 
r SE 0.24 00.07 0.25 00.06 0.28 00.06 0.28 00.06 0.29 00.06 0.24 00.06 
a 076.87 076.34 077.29 078.92 080.87 081.48 
b SE 120.31 29.36 114.99 29.62 122.88 26.14 134.65 28.98 132.61 27.47 124.44 30.62 
Table 33 
COi relations (r), coefficients of regression (b) and Increment rate at 10* F of trNF on F>0 aaong the 
oale and female children. 
— r O T T 
Sex r SE b SE a Fron mean From regression 
Male 0.032 0.05 4.617 7.53 14.23 0.253 0.462 
Fenale 0.078 0.05 14.07 9.35 13.39 0.170 1.41 
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4.5 ESTIMATION OF INBREEDING DEPRESSION 
To estimate the percent inbreeding depression (ID%) in 
the conventional sense of lowering vitality and v i a b i l i t y , 
for 10% F , two different methods (i) that of deriving it 
from the mean difference in the pooled inbred sample (F > 0) 
and (ii) from the coefficient of regression (b) have been 
u s e d . 
The purpose of estimating rate of inbreeding depression 
rather than absolute amount of depression is (i) to facili-
tate comparison of the effects of means among different 
measurable characters and also (ii) to observe how far it 
depends on the non-inbred m e a n . 
The two estimate-- of ID% per 10% F for seven anthropo-
metric m e a s u r e m e n t s , three physiometric measurements and 
a dermatoglyphic variable are recorded in tables 34, 35, 37, 
33. The estimates of the ID% has been obtained on the 
basis of the mean depression in the pooled inbred sample 
(F>0) only for psychometric variables and their components 
(Table 36). The estimates obtained by the two methods do not 
appear to coincide for any of the a n t h r o p o m e t r i c , 
physiometric or dermatoglyphic traits. T h i s , again, is 
expected if the change of means with the progress of 
inbreeding is not linear, and the presence of a non-linear 
component in more or less degrees of the inbreeding effects 
on means is already d i s c u s s e d . Hov/ever, the rank orders of 
the magnitudes of these two sets of estimates Ijr'.veor-
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measurements in respect of d i f f e r e n t annual age-groups and 
different sexes do not generally differ v/ithin each sex, for 
example the ID% in age-group of 6 years in males is largest 
for anthropometric traits - chest girthy followed standing 
h e i g h t , in both the estimates. No consistent effect of age 
in growing children seems to substantially modify the ID% in 
children of either sex. H o w e v e r , a few trends as already 
m e n t i o n e d , such as the increased effect on the older girls 
for standing h e i g h t , are also r e f l e c t e d in ID% e s t i m a t e s . 
The comparative data also do not suggest any consistent 
trend of sex differences in a n t h r o p o m e t r i c s which perhaps 
answers the controversy in certain s t u d i e s . For example 
M a n g e ' s (1964) observation of increased inbreeding 
depression on the stature in females than in males in 
Hutterites is not supported by the reverse trend observed by 
Steinberg (1963) in the same p o p u l a t i o n . Table 36 shows the 
estimates of inbreeding depression based on average F for 
different subtests of p e r f o r m a n c e , verbal and full scale IQs 
among males and females separately and c u m u l a t i v e l y . Here 
a g a i n , there is no marked difference of depression between 
s e x e s . More or less similar rates of depression have been 
found for all subtests of performance and verbal IQs among 
both the sexes. The highest estimates of inbreeding 
depression for second cousin per 10% F among all throe IQs 
further confirms the non-linearity of e f f e c t s . In the 
systolic blood p r e s s u r e , inbreeding depression appears to 
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be lower in case of female children for both types of its 
estimates, while the trend is reversed for diastolic and 
mean arterial blood pressure (Table 37) in all age groups 
under s t u d y . But sex difference in linear inbreeding 
effects, as is found to be significantly in favour of 
females for pattern intensity on fingers, is indicative of 
possible involvement of X-linked genes in addition to 
a u t o s o m a l . No such indication of X-linked influence has yet 
been suggested for blood p r e s s u r e s . The greater inbreeding 
depression for IQs and to some extent for blood pressures 
indicates a relatively larger amounts of average dominance/ 
recessiveness of genes or relatively m o r e , even, or equal 
frequencies of alleles for these characters than for the 
a n t h r o p o m e t r i c s . The higher rates of depression have also 
been found in some Egyptian Nubian p o p u l a t i o n s . In other 
w o r d s , while in anthropometrics and d e r m a t o g l y p h i c s , 
additive effects of involved genes reduce the inbreeding 
effect on means (implied in depression) the non-additive 
alleles may be relatively more important in the IQs, and to 
some extent blood p r e s s u r e s . 
1 0 7 Table 34 
Estimates of inbreeding depression (ID) percent per 10% F 
based on average and regressions (b) of anthropometric 
measurements on F^ 0 among male children of different ages. 
6 Years 7 Years 8 Years 9 Years 10 Years 11 Years 
Body Height (In Kg) 
ID on Average 07.95 09.79 
ID on regression (b/10) 09.48 07.70 
05.13 06.75 07.04 06.79 
08.07 08,33 08.59 04.62 
Standing Height (In Co) 
ID on Average 08.34 13.54 
ID on regression (b/10) 10.45 16.04 
07.02 07.61 10.98 09.87 
09.57 11.40 13.60 06.94 
Sitting Height (in Cn) 
ID on Average 07.83 05.41 06.15 05.70 05.41 05.77 
ID on regression (b/10) 08.73 06.93 07.78 07.67 07.10 03.90 
Head Circunference (in CB) 
ID on Average 05.68 08.57 07.38 06.69 06.67 06.43 
ID on regression (b/10) 07.15 10.28 08.75 08.65 07.04 04.57 
Head Length (In Co) 
ID on Average 02. 76 05.31 06.84 06.77 08.21 10.69 
ID on regression (b/10) 02.99 05.73 07.49 07.51 08.46 06.41 
Head Breadth (in Cm) 
ID on Average 02.88 04.07 06.67 09.19 12.90 12.52 
ID on regression (b/10) 03.20 04.62 07.17 09.62 12.98 07.51 
Chest circumference (in Cm) 
ID on Average 09.02 08.96 06.30 06.93 06.83 05.33 
ID on regression (b/10) 11.63 11.68 09.09 07.07 08.10 03.94 
1 0 8 Table 35 
Estimates of inbreeding depression (ID) percent per 10% F 
based average and regressions (b) of anthropometric measure-
ments on F^O among female children of different ages. 
6 Years 7 Years 8 Years 9 Years 10 Years 11 Years 
Body weight (In Kg) 
ID on Average 08.34 05.88 04.25 06.12 06.58 05.58 
ID on regression (b/10) 05.76 04.21 03.25 04.72 04.76 03.52 
Standing Height (in Cm) 
ID on Average 10.19 08.05 15.03 18.23 17.50 19.09 
ID on regression (b/10) 05.18 05.28 11.21 12.66 12.80 14.42 
Sitting Height (In Co) 
ID on Average 18.45 16.42 07.18 09.55 10.00 10.37 
ID on regression (b/10) 09.35 09.26 05.57 09.78 06.67 09.05 
Head Circupference (In CP) 
ID on Average 12.97 10.87 06.85 06.62 08.63 09.51 
ID on regression (b/10) 07.93 07.46 04.70 04.05 04.78 06.78 
Head Length (in Co) 
ID on Average 02.15 02.23 02.13 02.29 03.10 02.65 
ID on regression (b/10) 01.56 01.88 01.47 01.35 01.72 01.77 
Head Breadth (in CR) 
ID on Average 01.33 02.36 01.91 01.81 02.10 01.99 
ID on regression (b/10) 01.09 01.89 01.22 01.15 01.12 01.39 
Chest Circumference (in Cm) 
10 on Average 04.93 05.58 06.58 06.54 03.82 04.70 
ID on regression (b/10) 03.60 04.69 03.81 04.53 02.53 03.58 
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Table 29 
Estimates of inbreeding depression(ID) Percent per 10% F (in 
nunHg) based on average and regression(b) of blood pressures 
on F^O among children of different ages. 
6 Years 7 Years 8 Years 9 Years 10 Years 11 Years 
ID on Average 
ID on regression (b/10) 
S Y S T O L I C B L O O D P R E S S U R E 
( M A L E C H I L D R E N ) 
11.71 
08.93 
12.22 
12.25 
05.66 
05.95 
11.74 
10.37 
10.95 
09.55 
11.17 
09.72 
ID on Average 
ID on regression (b/10) 
ID on Average 
ID on regression (b/10) 
ID on Average 
ID on regression (b/10) 
ID on Average 
ID on regression (b/10) 
ID on Average 
ID on regression (b/IO) 
(FEMALE CHILDREN) 
07.99 06.38 15.91 08.75 08.85 14.90 
06.25 05.54 10.81 10.23 07.57 10.33 
DIASTOLIC BLOOD PRESSURE 
(MALE CHILDREN) 
17.54 12.56 10.13 
12.72 11 . 12 09.97 
(FEMALE CHILDREN) 
14.96 17.94 19.11 
11.74 • 05.85 12.89 
14.83 
09.58 
22.74 
16.54 
11.68 10.32 06.85 
(FEMALE CHILDREN) 
12.66 14.45 18.00 18.15 
06.60 
06.94 
22.52 
16.22 
09.63 08.49 
11.48 
09.71 
21.31 
13.30 
MEANARTERIAL BLOOD PRESSURE 
(MALE CHILDREN) 
15.88 12.13 08.43 14.18 08.47 12.12 
09.44 
17.01 19.20 
10.23 11.49 12.28 13.45 13.26 12.44 
I l l 
4.6 RESUME 
The study of genetics of quantitative characters 
follows many approaches. The use of anthropometric 
characters, intelligence quotient and blood pressure are 
quite common phenomenon in study of the population among the 
human biologists (Galton, 1869; Barnicot, 1958; Dobzhansky 
1962; Harrison, 1964; Neel et , 1970; sachdeva et al. , 
1971; Mukherjee, 1972, 1984; Butcher, 1974; Kimble et al., 
1974; Szklo, 1979; Kotchen ^ , 1982; Labarthe, 1983; 
Lauer et £ l . , 1984). »rhe characters which have so far been 
Studied from this point of view are physical, psychological 
and physiological. 
The psychometric traits considered here fall in the 
category of what is called intelligence. The cognitive 
ability of an individual to learn something is called 
intelligence (Burt, 1955). It contains a number of factors 
like verbal ability, word fluency, spatial visualization, 
number ability, reasoning and memory (Thurstone, 1941). 
There are tv/o types of intelligence recognised (Hebb, 1949); 
intelligence which is innate or immeasurable (A-type), and 
intelligence which is overt or measurable (B-type). 
Cattell (1963) has called the former as fluid intelligence 
and the latter as crystalized intelligence. Terman and 
Merril (1960) have divided intelligence, into various process 
like perception, conception, attention, memory, judgement. 
1 1 2 
reasoning and inventivness. A number of genetic and 
environmental factors affect IQ (Book, 1 9 7 4 ) . Jencks 
(1972) has found the relative contributions of h e r e d i t y , 
environment and their interaction of variation in IQ to be 
45%, 33% and 20% r e s p e c t i v e l y . Ithas a polygenic inheritance 
involving near about hundred genes (Jinks and F u l k e r , 1970). 
For the middle class SES (socio-economic status), it has a 
fairly good genetic component (Bodmer and C a v a l l i - S f o r z a , 
1970; Lermer and L i b b y , 1976) and people of that SES has 
been used for assessing the genetic influence on the t r a i t . 
Despite the controversies related with genetics of the IQ 
(Schwartz and Schv^artz, 1974), there has been a continuous 
inflov/ of data (Book, 1957; Slatis and H o e n e , 1961; Cohen et 
1963 ; Reed and R e e d , 1965; Schull and N e e l , 1965, 1972; 
C a r t e r , 1967; Adams and Neel 1967; Neel et a l . , 1970; 
S e e m a n o v a , 1971; B a s h i , 1977; K a m i n , 1980; A g r a w a l , et a l . , 
1984; A f z a l , 1988; Badaruddoza and A f 2 a l , 1 9 9 3 ) from various 
sources shov/ing decreasing effects of inbreeding on 
i n t e l l i g e n c e . The extent of depression however, varies from 
population to population being insignificant to highly 
significant one in different c a s e s . Such generalization has 
but one defect i.e., effect of varying socio-economic status 
on the s u b j e c t s . However, this does not hold true for Muslim 
populations in general, because more Muslims of higher 
socio-economic strata, may marry among themselves consangu-
ineously (Afzal, 1988) than e l s e w h e r e . This is because 
of the fact that the properties of womefolk often go to the 
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family of the husband she m a r r i e s . In fact, in the present 
study, there is no clear s o c i o - e c o n o m i c o r e n v i r o n m e n t a l 
difference between the inbred and non-inbred g r o u p s . 
Sometimes in poor sections, consanguineous marriages 
are contracted due to difficulty in paying the mehar (dower 
money) to the b r i d e . There are also the groups isolated 
within which the inbred and non-inbred samples highly differ 
in respect of socio-economic status. The present d a t a , 
obtained from the Qureshi M u s l i m s , is relatively free from 
the problem of greater environmental variances^ because 
individuals with the different degrees of inbreeding (from 
F=0 to 0.0625) were taken with their respective non-inbred 
cousin c o n t r o l s . 
It is well established that hypertension . is a -major 
public health b u r d e n . Large number of correlative studies on 
the various etiological factors like, age, sex, w e i g h t , 
b u i l d , socio-economic status and psychological factors etc., 
have so far been inconclusive (Verma et a]^., 1981). There 
is evidence to suggest that genetic factors predispose the 
siblings of hypertensive persons to higher blood pressure 
levels at younger ages (Piatt, 1963). It has been suggested 
that blood pressure has multifactorial inheritance(Pickering 
1967). T o d a y , most researchers appear to accept the multi-
factorial environmental background for blood pressures and 
entertain mostly polygenic or mixed models (McKusick, 1975; 
Williams £ t ajL. , 1984; Longini et al_. , 1984; Province and 
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R a o , 1985; Mukherjee et a l . , 1988; Province et , 1989, 
1990; Rice et ., 1989, 1990; Majumder ^ . , 1 9 9 0 ) . 
Involvement of genetic factors in the causation of hyperten-
sion is also supported by twin studies (Mathers £ t al^. , 1961; 
Vender Molen et , 1970). In Indian p o p u l a t i o n , few 
hospital based studies have been carried out to investigate 
the rural-urban differentials in blood pressure levels 
(Indryan, 1972a,b; Srivastava £ t a l . , 1977; Keil and C o w m a n , 
1977; R a o , 1980; Verma et a l . , 1981) and also in school 
children (Sharma ^ / 1 9 9 1 ) . H o w e v e r , hardly any 
systematic studies are available for the effects of 
inbreeding on blood p r e s s u r e . 
The inbreeding effects observed in the present study 
are brought together to review the possible mechanism of 
phenotypic changes and further knowledge of genetics of the 
traits derived from t h e m . The results bring out the two 
hypotheses: (i) a systematic indication of linear effects 
of inbreeding depression for almost all of the t r a i t s , except 
finger print pattern intensities, and also (ii) a consistent 
pattern of non-linear progress of inbreeding e f f e c t s . The 
former represents a certain amount of average dominance/ 
recessivity of genes for the traits and latter suggests the 
impact of increased selection intensity and / or 
non-additive epistasis of genes or homozygotes m o d i f y i n g 
J ,1. 
g e n e s . Several other studies revealed a similar tendency. 
Lowering of IQ after inbreeding is perhaps among the 
best lines of evidence we have for hereditary control of 
intelligence (Eysenck 1973). Jensen (1969) expresses a 
similar opinion that the most impressive lines of evidence 
for the involvement of genetic factors in intelligence comes 
from the study of the effects of inbreedj.ng. In the present 
study, the higher rates of inbreeding depression specially 
on performance IQ and also v e r b a l , full scale IQs than in 
a n t h r o p o m e t r i c s , indicates the occurrence of a relatively 
larger increase of homozygosity of recessive genes in these 
t r a i t s . O t h e r w i s e , inbreeding depression of IQ test scores 
would suggest that this trait has undergone selection. 
The present data also indicate a significant associa-
tion of blood pressures with i n b r e e d i n g , whereas Cruz - Coke 
and Covarrubias (1964), Schull and Nell (1965) and Takkunen 
(1964) reported somewhat different results in their studies 
of the inbreeding effects on blood p r e s s u r e s . T h u s , 
inbreeding and blood pressure associations deserve further 
study in order to elucidate their g e n e t i c s . The observation 
of a slight increase of trNF suggests only a slight amount 
of positive recessive effects of genes involved, if a n y . 
IIG 
5. INBREEDING EFFECTS ON VARIABILITY OF TRAITS 
The genetics of metric characters centres round the 
study of its variation ,for it is in terms of variation that 
the primary genetic questions are formulated. The basic 
idea in the study of variation is its partitioning into 
components that determines the genetic properties of the 
population in general and the degree of resemblance between 
relatives in particular. Inbreeding causes the increase of 
the proportion of homozygosity, which determines the total 
genotypic value of the traits. Increase of proportion of 
homozygotes for different alleles would increase the 
variance of the quantitative traits in the population. 
Added to the genotypic variance is the environmental 
variance (V„) and this requires a controlled design to 
hi 
minimize the diversity of V „ between different inbreeding 
levels. But it is doubtful if this difference is entirely 
eliminated. 
Secondly, variance is relatively more sensitive to 
random fluctuation in small samples (Morton, 1958; Schull 
and Neel, 1965). Thirdly, when there is a change of mean 
due to homozygotes of more recessive genes, the variance may 
be influenced by that change. To obviate this problem 
Falconer has used (CV)^ as the measure of variance rather 
than direct variance. 
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There is a limited number of studies available in this 
context. Theoretically there v/ould be a linear increase of 
additive variance at a rate, equal to the inbreeding 
coefficient F(Falconer, I960;. Mukherjee, 1984). The excess 
increase may either reflect the influence of recessive genes 
indicated by change of mean as suggested for IQ score 
(Slatis and Hoene, 1961) or increased environmental variance 
as suggested for tooth size (Niswander and Chung, 1965), as 
pointed out by Mukherjee (1984). Variance has been found to 
increase significantly for stature (Morton et , 1967) 
and not significantly for birth weight (Slatis and Hoene, 
1961) and for the age at walking (Schull and Neel, 1965) in 
the offspring of the first cousins (IC) in Japan. Only in 
rare conditions when the frequency of the recessive gene is 
very high, frequency of recessive alleles is low. So the 
present series of data are analysed to verify: (1) if there 
is any increase of variance with inbreeding; and (2) if 
there is any consistent pattern or irregular change of 
variance with inbreeding. 
5.1 Observed Change in Standard Deviation (SD) , Variance 
(V) and Squared Coefficient of Variance (CV) 
The change of variability of traits with inbreeding is 
examined by using standard deviation, with standard error 
for testing significance, using direct variance and 
2 
finally the squared coefficient of variance (CV) for the 
l l f i 
reasons mentioned e a r l i e r . The change of standard deviations 
(SD)with increase of inbreeding for d i f f e r e n t quantitative 
variables are presented in tables 38 to 48, among males and 
females of different classes of inbreeding. Similar values 
are recorded for variance (Tables 49 to 53). The standard 
deviations of seven anthropometric measurements appear to be 
greater in the inbred series of different classes and pooled 
inbred groups of each sex in a majority of c o m p a r i s o n s . But 
they are always not significant at 5% level of p r o b a b i l i t y . 
The differences between the NI (F=0) and total IN (F > 0) 
groups are significant at P = 0.05 in 8 and 9 years of age 
for head c i r c u m f e r e n c e , 7 years for head length among the 
male children, whereas in female c h i l d r e n , the same trend is 
seen in 11 years for body w e i g h t , 8 and 9 years for standing 
h e i g h t , 8,9, 10 and 11 years for sitting h e i g h t , 7 and 11 
years for chest c i r c u m f e r e n c e . The SDs of all IQ scores 
appear to increase consistently in the inbred series and 
with increasing levels of inbreeding among males and females 
separately and cumulatively although none of the differences 
are significant at P = 0.05 (Table 45). As the data for 
characters other than IQ are not adequate for obtaining 
reliable results on the change of variance or SD, the lack 
of consistency in a few cases in respect of the increase of 
variance with rise of F is easily e x p l i c a b l e . Similarly the 
increase of variance of blood pressures appears to be 
significant at 5% level, only in the children of 8 years for 
diastolic and mean arterial blood pressures in case of nales 
1 1 9 
(Tables 46, 47 and 48). It should be raneitibered that in series of 
comparisons one or two differences may appear to be significant, merely 
by chance. 
An irregular trend of change of variance with inbreeding 
has been noticed in almost all age groups for anthropometrics and 
blood pressures. To test the deviation of variance, Bartlett's test for 
honogeneity between the different inbreeding class is applied for 
different variables. The test reveals a non-significant difference at 
5% level of probability, in between inbreeding classes for psychometric 
traits in either sex (Table 54). Similarly the heterogeneity between 
different inbreeding levels for anthropometric traits and blood 
pressures are also not significant at 5% level for children of any age 
or sex due to small sample size. 
There is also no clear indication of a regular increase of 
variance in low (F<0.0625) inbreeding and increase of variance in high 
inbreeding (F>0.0625), as was observed in some indian data (Mukherjee, 
1984) reflecting effect of selection. This is mainly because of the 
relatively limited range of inbreeding classes available in the present 
data. 
The squared coefficient of variance with different classes of 
inbreeding for different traits are given in the tables 55 to 59 for 
2 
ccxrparison of the change of phenotypic variance. The change of (CV) 
follows the relatively similar trend as in variance aniong both sexes and 
2 
all age groups. However, it can be observed that the (CV) displays a 
more systanatic increase of variability of traits with inbreeding 
than variance and standard deviation. But the increase of variance and 
squared coefficient of variance, is however, more marked for 
anthropometric measurements than for psychometric or physiometric 
traits. 
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Table 52 
Standard deviations (SD) and Standard Errors (SE) for IQs among children of different 
Inbreeding levels. 
Performance IQ Verbal IQ Full Scale iq 
NO SD SE NO SD SE NO SD SE 
MALE CHILDREN 
NI 194 14.88 1.07 194 14.70 1.06 194 15.57 1.12 
ZC 138 16.37 1.39 138 15.20 1.29 138 15.61 1.33 
1C1 148 16.78 1.37 148 16.05 1.32 148 16.11 1.32 
1C 161 16.96 1.33 161 16.18 1.28 161 16.18 1.28 
IN 447 16.78 0.79 447 15.89 0.75 447 16.04 0.76 
FEMALE CHILDREN 
NI 182 15.64 1.16 182 14.94 i.n 182 15.25 1.13 
2C 132 16.28 1.42 132 15.00 1.31 132 15.35 1.34 
1C1 138 17.15 1.46 138 15.81 1.35 138 15.71 1.34 
IC 151 17.61 1.43 151 16.24 1.32 151 16.16 1.32 
IN 421 17.11 0.83 421 15.77 0.77 421 15.82 0.77 
COMBINED SEXES 
NI 376 15.28 0.79 376 14.83 0.79 376 15.47 0.79 
2C 270 16.33 0.99 270 15.11 0.92 270 15.53 0.95 
1C1 286 16.96 1.00 286 15.95 0.94 286 15.94 0.94 
IC 312 17.28 0.98 312 16.24 0.92 312 16.19 0.92 
IN 868 16.91 0.57 868 15.83 0.54 868 15.93 0.54 
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Table 49 1 3 1 
Variances (V) for anthropoaetric traits In different levels of Inbreeding aaong aale 
children 
6 Years 7 Years 8 Years .; 9 Years . j 10.Years 11 Years 
NO ¥ NO V NO V HO V HO V NO V 
BODY WEIGHT 
NI 37 14.67 35 23.23 38 24.20 40 23.13 44 27.78 49 31.80 
20 17 15.21 21 22.65 24 30.91 21 27.78 26 43.16 24 40.44 
ICl 20 14.89 22 31.24 20 28.30 25 46.37 29 48.92 30 42.90 
1C 25 17.22 27 33.06 31 34.34 30 50.41 30 48.86 25 48.72 
IN 62 16!.72 70, ^30.69 75 32.94 76 44.62 85 48.02 79 45.69 
STANDING HEIGHT 
HI 37 56.25 35 78.90 38 77.97 40 84.64 44 98.40 49 106.91 
2C 17 65.93 21 109.29 24 110.46 21 114.27 26 129.27 24 160.30 
101 20 58.52 22 120.80 20 117.50 25 155.00 29 170.04 30 158.00 
10 25 66.42 27 125.70 31 119.99 30 140.70 30 182.25 25 161.54 
IN 62 66.91 70 124.32 75 121.00 76 143.76 85 167.70 79 165.89 
SITTING HEIGHT 
NI 37 26.52 35 43.29 38 62.90 40 50.12 44 54.31 49 52.27 
20 17 27.56 21 46.24 24 68.89 21 60.06 26 60.99 24 52.56 
101 20 31.36 22 48.30 20. ,70.40 25 65.61 29 63.52 30 61.93 
10 25 33.75 27 51.12 31 74.13 30 70.90 30 64.16 25 63.84 
IN 62 32.83 70 50.83 75 74.30 76 68.72 85 65.12 79 61.92 
HEAD OIROUHFERENOE 
HI 37 13.61 35 32.82 38 04.36 40 08.58 44 07.95 49 08.20 
20 17 17.13 21 33.64 24 05.71 21 12.25 26 08.88 24 09.06 
101 20 18.57 22 35.16 20 11.56 25 15.68 29 13.69 30 13.17 
10 25 22.09 27 36.24 31 19.71 30 27.56 30 20.34 25 20.61 
IH 62 20.52 70 34.10 75 13.39 76 20.16 85 15.05 79 14.74 
HEAD LENGTH 
HI 37 07.84 35 07.56 38 07.84 40 09.98 44 10.24 49 11.08 
20 17 08.70 21 08.29 24 09.30 21 12.60 26 13.17 24 13.91 
101 20 10.24 22 11.15 20 12.60 25 13.82 29 14.60 30 15.28 
10 25 12.25 27 14.13 31 15.05 30 16.81 30 17.89 25 17.50 
IH 62 11.15 70 11.90 75 13.03 76 15.21 85 15.84 79 16.16 
HEAD BREADTH 
HI 37 07.29 35 03.42 38 07.72 40 09.73 44 13.40 49 13.76 
20 17 07.69 21 06.76 24 11.56 21 12.32 26 15.60 24 18.50 
101 20 08.35 22 07.61 20 14.51 25 13.83 29 15.52 30 21.34 
10 25 12.25 27 09.73 31 10.43 30 12.25 30 17.22 25 22.18 
IH 62 10.17 70 08.52 75 12.39 76 13.32 85 16.72 79 21.52 
OHEST OIROUMFEREHOE 
NI 37 30.25 35 27.35 38 22.18 40 27.35 44 24.70 49 27.04 
20 17 29.90 21 27.56 24 23.04 21 27.24 26 28.09 24 29.26 
101 20 32.03 22 31.47 20 24.10 25 28.83 29 33.75 30 31.60 
10 25 38.56 27 39.70 31 32.60 30 42.25 30 43.25 25 41.21 
IH 62 35.76 70 34.92 75 28.40 76 35.04 85 36.84 75 35.16 
HI - Noninbred (F=0); ZC « Second Cousin (F=0.0156); 1C1= First Cousin Once Removed 
(F=.0.03125); IC-Flrst Cousin (F«0.0625); HI= Total inbreeding. 
1 3 2 
Table 55 
Variances (V) for anthropoaetric traits In different levels of Inbreeding anong the feaale 
children. 
6 Years 7 Years 8 Years .9 Years .10 Years .11 Years 
NO V NO V NO V NO V NO V NO V 
BODY HEIGHT 
HI 18 07.84 21 06.25 22 05.71 25 07.12 26 08.88 28 05.06 
20 15 08.70 18 09.73 22 08.12 21 10.04 23 12.25 23 07.84 
101 13 09.00 15 12.11 15 09.30 20 12.25 26 16.81 26 12.25 
10 15 12.25 19 15.21 20 13.32 21 14.06 20 23.52 20 18.49 
IN 43 10.76 52 13.18 57 10.82 62 12.67 69 17.97 69 13.10 
STANDING HEIGHT 
NI 18 35.40 21 24.50 22 18.14 25 13.69 26 24.80 28 36.60 
20 15 46.24 18 32.50 22 34.57 21 23.81 23 45.02 23 60.06 
101 13 51.84 15 48.30 15 50.69 20 45.15 26 60.99. 26 72.25 
10 15 63.84 19 49.14 20 61.46 21 55.90 20 47.88 20 74.99 
IN 43 58.06 52 45.69 57 50.83 62 43.69 69 54.16 69 •72.08 
SITTING HEIGHT 
NI 18 17.22 21 12.60 22 06.05 25 09.30 26 08.87 28 10.04 
20 15 20.70 18 22.18 22 13.10 21 14.51 23 13.91 23 15.92 
101 13 22.18 15 27.32 15 21.16 20 31.36 26 31.36 26 30.80 
10 15 27.35 19 34.45 20 26.00 21 34.45 20 37.33 20 36.12 
IN 43 25.20 52 29.81 57 20.88 62 27.98 69 28.40 69 28.62 
HEAD OIRCUNFERENOE 
NI 18 05.42 21 10.57 22 07.12 25 07.84 26 04.97 28 11.69 
20 15 09.92 18 13.69 22 07.84 21 10.04 23 08.29 23 17.72 
101 13 12.60 15 16.81 15 13.69 20 13.39 26 10.30 26 21.90 
10 15 15.21 19 22.18 20 18.66 21 16.89 20 15.36 20 22.18 
IN 43 12.96 52 18.74 57 13.83 62 14.06 69 11.56 69 21.52 
HEAD LENGTH 
NI 18 05.47 21 08.88 22 09.92 25 12.60 26 07.29 28 10.04 
20 15 07.34 18 09.92 22 10.30 21 11.02 23 06.25 23 10.89 
101 13 07.84 15 14.51 15 17.22 20 15.05 26 05.85 26 16.81 
10 15 10.04 19 20.25 20 21.16 21 22.18 20 10.38 20 14.06 
IN 43 09.06 52 15.92 57 16.81 62 16.89 69 07.56 69 14.67 
HEAD BREADTH 
NI 18 06.55 21 07.90 22 09.61 25 09.12 26 10.90 28 08.64 
20 15 09.23 18 07.29 22 14.06 21 13.10 23 16.81 23 14.75 
101 13 12.60 15 13.76 15 16.08 20 12.32 26 18.50 26 16.16 
10 15 14.06 19 16.08 20 21.44 21 19.62 20 22.85 20 25.20 
IN 43 12.96 52 13.10 57 18.06 62 15.76 69 20.06 69 19.09 
OHEST OIROUHFERENOE 
NI 18 08.23 21 05.10 22 09.48 25 12.39 26 13.39 28 12.04 
20 15 11.56 18 11.70 22 16.24 21 20.34 23 17.22 23 22.34 
101 13 13.03 15 12.50 15 12.60 20 27.56 26 25.40 26 31.36 
10 15 15.13 19 16.81 20 15.21 21 30.80 20 31.47 20 33.87 
IN 43 14.21 52 14.51 57 15.76 62 27.56 69 30.36 69 30.36 
HI » Noninbred (F=0); ZC = Second Cousin (F=0.0156); 1C]= First Cousin Once Removed 
(F = 0.03125); 1C«F1rst Cousin {F=0.0625); KI= Total inbreeding. 
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Table 1 51 
Variances (V) for IQs in different levels of Inbreeding among the children. 
Performance IQ Verbal IQ Full Scale IQ 
NO V NO V NO V 
HALE CHILDREN 
HI 194 221.41 194 216.09 194 242.42 
2C 138 267.97 138 231.04 138 243.67 
1C1 148 281.57 148 257.60 148 259.53 
IC 161 287.64 161 261.79 161 261.79 
FEMALE CHILDREN 
HI 182 244.60 182 223.50 182 232. 56 
2C 132 265.04 132 225.00 132 235.62 
1C1 138 294.12 138 249.96 138 246.80 
IC 151 310.11 151 263.74 151 261.15 
COMBINED SEXES 
HI 376 233.48 376 219.93 376 239.32 
2C 270 266.67 270 228.31 270 241.18 
1C1 286 287.64 286 254.40 286 254.08 
IC 312 298.60 312 263.74 312 262.12 
HI » non-Inbred (F«0); 2C= Second Cousin (F=0.0156);lC1=F1rst Cousin Once Removed (F=0.03125) 
IC • First Cousin (F.0.0625); 
1 3 4 
Table 52 
Variances (V) for Blood Pressuresin different levels of Inbreeding among male children. 
6 Years 7 Years 8 Years 9 Years 10 Years 11 Years 
NO V NO V NO V NO V NO V NO V 
SYSTOLIC BLOOD PRESSURE 
NI 84 105.88 87 087.90 67 060.37 79 80.10 75 112.57 82 139.90 
2C 45 096.04 53 079.56 60 105.67 58 091.96 65 131.33 68 138.53 
101 50 108.16 55 136.18 65 096.43 63 149.81 60 116.20 68 141.13 
10 55 114.27 45 099.80 58 090.82 62 83.17 60 117.50 63 101.80 
IN 150 108.80 153 107.90 183 099.20 183 110.80 i185 123.90 199 129.70 
DIASTOLIC BLOOD PRESSURE 
NI 84 069.05 87 076.21 67 050.83 79 074.47 75 107.53 82 113.20 
20 45 089.30 53 077.90 60 104.40 58 090.30 65 134.10 68 135.30 
101 50 095.30 55 133.40 65 096.40 63 151.10 60 171.90 68 138.80 
10 55 110.80 45 096.10 58 075.50 62 087.60 60 107.30 63 071.04 
IN 150 101.20 153 105.30 183 093.90 183 111.90 185 139.70 199 117.90 
MEAN ARTERIAL BLOOD PRESSURE 
NI 84 077.60 87/ 078.30 67 054.10 79 074.80 75 108.80 82 103.30 
20 45 089.90 53 082.10 60 096.60 58 092.50 65 129.30 68 135.10 
ICl 50 099.20 55 138.80 65 102.10 63 151.10 60 115.10 68 139.30 
10 55 107.90 45 100.00 58 081.20 62 083.70 60 116.20 63 084.30 
IN 150 101.60 153 109.80 183 095.10 183 111.50 185 101.20 199 122.10 
NI - Noninbred (F=0); 2C = Second Cousin {F=0.0156); 1C1» First Cousin Once Removed 
(F-0.03125); lC»F1rst Cousin (F-0.0625); HI« Total Inbreeding. 
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Table 29 
Variances (V) for Blood Pressures in different levels of Inbreeding anong fenale children. 
6 years 7 Years 8 Years 9 Years 10 Years 11 Years 
NO V NO V NO V NO V NO V NO V 
SYSTOLIC BLOOD PRESSURE 
HI 60 119.10 65 109.80 78 119.50 72 136.40 79 139.40 72 136.70 
2C 46 127.10 52 1 U . 5 0 63 164.90 59 233.20 60 133.60 66 154.30 
101 50 120.60 60 098.60 65 110.50 61 151.80 58 159.10 62 131.60 
IC 50 129.70 55 126.60 62 132.50 60 098.60 67 141.20 66 147.90 
IN 146 128.40 167 114.70 190 137.80 180 163.30 185 146.70 194 147.20 
DIASTOLIC BLOOD PRESSURE 
NI 60 100.40 65 090.10 ^ 089.30 72 112.60 79 114.90 72 136.40 
2C 46 104.10 52 111.80 63 095.60 59 122.30 60 132.50 66 151.80 
ICl 50 119.10 60 096.80 65 108.40 61 152.50 58 133.40 62 129.10 
IC 50 088.70 55 099.20 62 110.70 60 088.70 67 095.80 66 147.10 
IN 146 106.10 167 104.20 190 106.50 180 123.70 185 122.10 194 144.90 
MEAN ARTERIAL BLOOD PRESSURE 
NI 60 092.70 65 108.40 78 099.20 72 109.60 79 111.90 72 132.90 
2C 46 085.10 52 107.10 63 096.60 59 123.80 60 129.90 66 152.80 
ICl 50 119.10 60 116.40 65 108.30 61 149.80 58 133.10 62 127.91 
IC 50 109.40 55 118.60 62 110.50 60 101.20 67 108.90 66 147.40 
IN 146 107.10 167 116.20 190 106.90 180 127.10 185 125.50 194 145.20 
BI- Non-inbred (F=0); 2C = Second Cousin {F=0.0156); 1C1= First Cousin Once Removed 
(F-0.03125); lC«First Cousin (F=0.0625); NI= Total inbreeding. 
Table 54 
Bartlett's Chi-Squaretest for Hoaogeneity of variance in different inbreeding levels 
Male (df 3) Feiiale (df 3) 
Performance IQ 03.72 02.71 
Verbil IQ 02.12 01.51 
Full Scale IQ 00.40 00.65 
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Table 55 
Squared coefficients of variation (CV) 
inbreeding aMong the male children 
for Anthroponetrlc traits In different levels of 
6 Years 7 Years 8 years 9 Years 10 Years 11 Years 
BODY WEIGHT 
HI 
2C 
ICl 
IC 
IN 
565.20 
804.50 
812.71 
1202.00 
995.90 
708.30 
1026.06 
1545.30 
1682.05 
1494.60 
654.60 
942.60 
935.90 
1283.00 
1114.99 
478.90 
692.90 
1224.60 
1435.41 
1194.26 
496.90 
927.80 
1066.03 
1156.99 
1089.00 
498.90 
725.02 
816.68 
939.69 
857.49 
STANDING HEIGHT 
NI 41.09 
2C 50.27 
1C1 45.20 
IC 52.08 
IN 51.76 
SITTING HEIGHT 
NI 66.19 
2C 74.90 
ICl 86.45 
IC 94.14 
IH 90.59 
HEAD CIRCUMFERENCE 
NI 54.24 
2C 72.50 
ICl 81.26 
K 98.48 
IN 89.62 
54.60 
81.50 
91.15 
96.33 
94.08 
109.08 
123.05 
129.51 
154.03 
136.98 
121.61 
138.35 
148.08 
156.77 
144.00 
53.43 
78.21 
83.97 
87.18 
86.84 
148.93 
173.90 
179.34 
191.98 
189.79 
15.79 
22.60 
46.96 
81.00 
54.23 
55.62 
76.63 
107.49 
98.69 
99.23 
115.00 
143.56 
161.79 
177.32 
168.94 
30.17 
46.11 
60.98 
109.67 
78.39 
61.34 
84.89 
113.16 
122.97 
111.70 
121.47 
142.80 
150.67 
155.13 
154.90 
27.50 
32.96 
53.19 
77.10 
57.18 
64.65 
10:j.76 
100.65 
104.74 
106.17 
112.38 
118.89 
142.01 
147.44 
141.75 
26.82 
31.66 
47.33 
74.95 
52.73 
HEAD LENGTH 
NI 
2C 
ICl 
IC 
IN 
248.83 
303.61 
372.95 
446.69 
401.99 
209.26 
281.67 
388.74 
499.12 
413.79 
194.80 
297.60 
423.03 
507.68 
431.43 
241.83 
390.70 
443.70 
551.40 
487.69 
231.97 
403.10 
457.50 
559.68 
492.72 
222.78 
400.42 
453.03 
523.45 
476.29 
HEAD BREADTH 
NI 
2C 
1C1 
IC 
IN 
346.20 
420.40 
472.87 
688.37 
569.27 
CHEST CIRCUMFERENCE 
NI 102.55 
2C 111.59 
ICl 123.06 
IC 155.37 
IN 138.89 
150.10 
359.11 
415.50 
544.56 
465.76 
83.25 
92.18 
107.05 
141.56 
120.40 
284.60 
577.35 
765.77 
553.43 
644.06 
62.78 
69.03 
73.37 
103.48 
87.53 
310.00 
599.90 
696.06 
627.68 
669.16 
69.64 
73.34 
80.15 
120.47 
97.51 
364.50 
747.23 
761.26 
842.21 
814.61 
60.34 
73.50 
89.53 
117.11 
97.66 
370.28 
833.96 
990.44 
1037.87 
993.62 
63.27 
71.90 
78.03 
104.30 
87.40 
NI » non-Inbred (F=0); 2C= Second Cousin (F=0.0156) ;lCl=F1rst Cousin Once Removed (F»0.03125) 
IC = First Cousin (F=0.0625); NI = Total inbreeding. 
Table 56 
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Squared coefficients of variation (C¥) 
Inbreeding aaong the female children 
for Anthropometric traits In different levels of 
6 Years 7 Years 8 Years 9 Years 10 Years 11 Years 
BODY HEIGHT 
HI 515.69 363.64 260.07 241.81 237.66 120.46 
2C 861.61 718.46 435.95 434.94 390.12 218.55 
1C1 1045.00 1034.40 499.26 569.20 579.61 357.15 
IC 1699.49 1425.37 840.49 712.37 894.09 563.14 
IN 1260.09 1105.01 613.75 592.12 612.87 381.23 
STANDING HEIGHT 
NI 34.57 23.34 14.23 10.24 17.92 25.29 
2C 48.35 31.94 28.36 19.53 34.94 44.65 
ICl 54.65 48.04 43.94 37.57 49.37 56.21 
IC 67.28 50.24 55.23 48.96 39.82 60.66 
IN 61.04 45.74 44.03 36.80 43.57 55.85 
SITTING HEIGHT 
NI 50.48 36.15 17.08 24.83 22.48 24.69 
2C 77.15 77.82 39.10 42.46 38.46 42.18 
ICl 83.74 97.08 65.42 93.02 90.51 85.42 
IC 102.61 125.73 82.26 107.48 109.79 104.47 
IN 94.50 106.50 64.50 84.02 81.28 79.13 
HEAD CIRCUNFERENCE 
NI 21.82 40.84 27.12 28.89 17.38 39.74 
2C 47.32 60.24 32.37 39.84 32.04 64.55 
1C1 61.73 75.35 57.60 54.91 40.82 87.00 
IC 77.15 106.45 80.56 69.24 60.87 88.13 
IN 73.05 85.60 58.32 56.99 45.41 83.06 
HEAD LENGTH 
NI 201.36 282.50 315.60 382.14 208.50 279.53 
2C 289.40 359.70 351.12 360.73 199.50 326.60 
ICl 318.50 536.40 395.23 503.00 188.41 517.70 
IC 419.34 788.05 754.19 749.86 336.84 3 4 3 . 8 3 
IN 367.56 595.50 584.40 563.10 243.86 451.23 
HEAD BREADTH 
NI 381.31 408.09 473.92 433.79 504.20 379.60 
2C 599.07 415.24 750.34 669.55 838.38 693.66 
ICl 797.60 795.97 873.23 645.06 930.03 781.51 
IC 914.57 993.84 1197.43 1042.56 1164.07 1253.30 
IN 820.22 771.84 985.23 822.82 1010.96 937.81 
CHEST CIRCUNFERENCE 
NI 31.76 17.46 28.71 35.63 37.32 31.08 
2C 46.74 42.05 52.33 62.23 49.81 60.42 
ICl 54.23 44.87 41.34 86.04 73.72 85.25 
IC 64.09 64.33 51.38 98.29 93.07 93.37 
IN 58.90 53.68 51.87 86.09 88.50 82.75 
NI = non-1nbred (F=0); 
IC = First Cousin (F=0, 
2C= Second 
.0625); HI = 
Cousin {F=0.0156) 
= Total Inbreeding 
;lCl=F1rst 
• 
Cousin Once Removed (F=0.03125) 
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Table 57 
2 
Squared coefficients of variance (CV) for IQs in different 
levels of inbreeding among the children. 
Performance IQ Verbal IQ Full Scale IQ 
NI 
2C-
ICI 
IC 
MALE CHILDREN 
179.12 194.11 
258.53 223.51 
297.05 271.37 
319.12 296.47 
206.04 
236.80 
263.79 
282.65 
NI 
2C 
ICI 
IC 
FEMALE CHILDREN 
203.97 203.38 
259.92 223.30 
314.28 271.96 
351.41 314.60 
205.54 
234.22 
260.58 
291.38 
NI 
2C 
ICl 
IC 
COMBINED SEXES 
191.67 198.76 
259.30 223.64 
305.33 272.17 
334.65 307.57 
206.29 
233.83 
263.00 
287.52 
NI = non-inbred (F=0); 2C= Second Cousin (F=0 .0156 ) ; lCl==FirBt 
Cousin Once Removed (F=0.03125) 
IC = First Cousin (F=0.0625). 
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Table 58 
2 
Squared coefficients of variation (CV) for Blood Pressures In different levels of Inbreeding 
among the male children 
6 Years 7 years 8 years 9 Years 10 years n years 
SYSTOLIC BLOOD PRESSURE 
NI 106.20 85.56 57.91 75.34 104.04 115.34 
2C 90.25 73.44 99.40 81.54 116.64 118.59 
1C1 99.80 121.00 88.73 130.87 99.40 116.42 
1C 102.61 86.67 82.42 69.96 97.28 81.13 
IN 100.00 96.60 91.60 96.10 106.30 107.20 
DIASTOLIC BLOOD PRESSURE 
HI 195.12 221.61 133.53 190.23 255.70 265.50 
20 217.50 208.70 254.76 200.50 303.90 291.70 
1C1 214.11 335.20 227.30 325.60 396.10 290.90 
1C 244.10 224.40 168.30 184.70 222.60 140.30 
IN 231.10 264.90 219.90 241.70 309.20 244.90 
MEAN AitTERIAL BLOOD PRESSURE 
NI 146.10 147.50 95.88 130.30 179.30 167.10 
ZC 151.40 144.60 163.70 145.50 207.20 205.30 
1C1 157.80 233.50 167.10 229.60 175.50 201.80 
1C 168.10 159.20 128.90 124.30 168.90 117.90 
IN 163.10 184.70 155.80 170.00 154.60 177.90 
NI » non-Inbred (F=0); 2C» Second Cousin {F=0.0156);1Cl'F1rst Cousin Once Removed {F'O.03125) 
IC = First Cousin (F=0.0625); NI = Total Inbreeding. 
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Table 59 
2 
Squared coefficients of variation (CV) for Blood Pressures In different levels of Inbreeding 
anong the fenale children 
6 Years 7 Years 8 Years 9 Years 10 Years 11 Years 
SYSTOLIC BLOOD PRESSURE 
HI 118.60 106.10 118.80 124.30 119.90 121.90 
2C 122.10 108.00 149.50 210.40 112.30 127.40 
1C1 113.40 91.10 98.20 129.90 131.40 106.80 
K 119.50 114.60 115.60 80.70 113.20 115.90 
Ili 120.70 105.90 122.60 140.10 120.50 118.70 
DIASTOLIC BLOOD PRESSURE 
HI 240.80 229.80 221.90 274.20 263.80 305.20 
2C 225.00 249.20 200.50 249.80 254.90 284.60 
1C1 242.20 202.90 220.80 293.60 243.50 229.30 
1C 170.80 194.70 213.10 157.50 162.60 225.10 
IN 215.50 217.90 215.10 235.90 220.80 259.20 
NEANARTERIAL BLOOD PRESSURE 
HI 159.60 189.70 172.60 181.40 175.40 209.30 
2C 136.90 172.70 147.40 182.20 184.10 211.30 
1C1 180.90 178.10 160.90 211.90 179.90 168.80 
IC 159.90 172.60 156.30 135.10 139.20 189.90 
IN 163.50 177.70 157.70 178.40 168.50 193.10 
NI » non-Inbred (F=0); 2C= Second Cousin (F«0.0156);lCl=F1rst Cousin Once Removed (F=0.03125) 
IC « First Cousin (F=0.0625); NI = Total inbreeding. 
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5.2 RESUME 
The additive variance is the important component to 
determine the genetic properties of a trait and the response 
of the trait to selection. Therefore, it is important to 
partition the variance into additive genetic variance, and 
the rest, thus being non-additive genetic and environmental 
variance. The relatively smaller product: of more extreme 
allele frequencies, 'p' and 'q' overithe loci would reduce 
2 
the total genetic variance and its additive, 2j;pq [a+d(q-p) ], 
2 
and dominant, (2£pqd) components (Falconer, 1960). 
From the present comparative study of variability among 
anthropometric, psychometric and physiometric traits, a 
unique feature that is revealed is the trend of increased 
variance in the inbred series in all classes among males 
and females, separately and when possible cumulatively 
(e.g., IQ). In some traits, specially diastolic blood 
pressure among females, the non-inbred variance is higher 
than inbred variance, this may be due to sample fluctuation. 
The effect of high inbreeding on means may indicate the 
occurrence of non-additive genes for these traits, similarly 
that on variance may be related with some additive genetic 
components of the traits. The different degrees of inbreed-
ing effects between the quantitative traits in human in 
respect of means and variances do not show the same 
correspondence. So this may be assumed that the inbreeding 
effects on variance depend upon the additive genes and have 
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further some environmental effects or selection beyond the 
sample variation or fluctuation. However, it should be 
noted that all the components of genetic variance are 
dependent on the gene frequencies of the population from 
which it is estimated. Therefore, we can separate the 
additive genetic effect from the rest of the genetic 
variance and so make the three fold partition into additive 
genetic, non-additive genetic and environmental variance VA: 
(V„+VT): V„, the dominance/recessive and interaction 
U X £ 
components, being lumped together as non-additive genetic 
variance. 
Therefore, it may be summarised that inbreeding effects 
in a population wold depend on means, variance and also the 
frequency of the genotypes of the population. 
The effects of inbreeding in the present study suggests 
the occurrence of recessive genes to be different with 
respect to different traits. This explains the mechanism of 
the diversity of inbreeding effects on mean, depression or 
elevation in the traits. So far the elevation of means has 
found specially in blood pressures among both the sexes for 
all age groups. The present analysis extend the support of 
further possibilities of understanding the genetics of 
quantitative traits with respect to inbreeding. Therefore, 
the general effects of inbreeding, infact, not only reveal 
the non-additive components of the traits, they also reflect 
the homozygosity and heterozygosity due to recessive addi-
tive, non-additive genes under the natural selection and 
even refer to the freqnencies of genes and genotype, which 
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would suggest the genetic structure of the base p o p u l a t i o n . 
The susceptibility of environmental sources of variation 
under inbreeding is not a universal phenomenon but it has 
been observed in wide variety of quantitative characters 
(Lerner, 1954; H y d e , 1973; W r i g h t , 1977) 
Only the preliminary attempt to support the above 
suggestion, has been made in this t h e s i s , which indicate the 
further possibilities of investigations on these l i n e s . The 
requirement for including the adequate data for different 
inbreeding levels specially for deeper inbreeding is also 
s u g g e s t e d . 
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6 . INBREEDING EFFECTS EXAMINED ON FREQUENCY DISTRIBUTIONS OF 
QUANTITATIVE VARIABLES 
It has been suggested (Mukherjee, 1984) that the most 
useful genetical analysis of the effects of inbreeding on 
quantitative characters is that of their frequency distri-
b u t i o n s . This is because the distributions were found to 
serve as a substitute for segregation analysis for some 
quantitative t r a i t s , especially when there are large 
additive effects of the involved g e n e s . The phenotypes of 
heterozygotes in such cases would be reduced in frequencies 
when homozygotes would increase in the highly inbred g r o u p s . 
This has actually been observed in a few Indian populations 
studied (Lakshmanudu, 1980; M u k h e r j e e , 1 9 8 5 ) , The increase 
of recessive phenotypes with inbreeding has also been 
observed for several quantitative t r a i t s . 
The effects of inbreeding on means is only restricted 
to non-additive genes and can not be seen (except in 
sampling fluctuation) in the case of additive g e n e s . The 
change of variance w i t h o u t change of m e a n s , as explained by 
Mukherjee (1984), would confirm additive effects of g e n e s . 
But the study of variance is of secondary importance in view 
of the great sensitivity of variance to environmental 
changes and to sampling fluctuation. 
T h e r e f o r e , in the present study, the inbreeding effects 
on various anthropometric traits have been examined directly 
in the frequency distributions among the non-inbred (F=0) 
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and the pooled inbred (F>0) series of males and females 
separately, for each annual age g r o u p , a n d , a g a i n , for all 
aye groups together (using pooled data of 'Z'-scores for 
different age g r o u p s ) . S i m i l a r l y , comparisons have been 
made of the frequency distributions in different degrees of 
inbreeding (that is different inbreeding classes) in 
respect of different types of IQs and blood p r e s s u r e s . For 
blood pressure different y e a r l y age-groups are studied 
separately and again together (using the pooled data of 'Z' 
scores for different age groups to increase the sample size 
after eliminating age e f f e c t s ) . In the case of IQs the 
different age groups were not separately compared, because 
the very formulation of IQ measurements is based on chrono-
logical age and there is no apparent need for age correction 
in the frequency distribution of these t r a i t s . 
In the entire series of anthropometric c o m p a r i s o n s , 
there is a clear trend of the increase of frequencies of the 
lower quantitative values of the characters in the 
relatively more inbred individual of each sex and a g e , where 
the yearwise age-groups are differently c o n s i d e r e d . For all 
anthropometric traits studied in different annual age groups 
(Figs. 1 - 1 4 ) , t h e lower values exceed in the inbred groups of 
individuals and the higher values are less frequent in the 
inbred than in the non-inbred males or females as the case 
may b e . From the genetic point of v i e w , this would mean the 
increase of recessive genotypes when homozygotes for a 
number of loci increase (that is when the number of 
1 4 6 
homozygous loci increase) and the recessive genes involved 
have negative or lowering e f f e c t s . This explains the 
reduction in mean values of the anthropometric traits with 
inbreeding in the present series of data . 
When the pooled data of 'Z' scores for different 
yearwise age groups are c o m p a r e d , the same phenomenon is 
generally observed for anthropometric traits (Figs. 22-26). 
Occasionally h o w e v e r , as in the case of body weight in 
m a l e s , there is an increase of frequencies of values both in 
the higher range and in the lower among the inbred group 
compared to the n o n - i n b r e d . This would indicate additive 
effects of a l l e l e s , so that heterozygotes in the middle of 
the range become fewer in the inbred series. But on the 
w h o l e , this additive effect which has been known to be a 
characteristic feature of several anthropometric characters 
like standing height and head shape and has been confirmed 
in the inbreeding effects on the frequency distribution in 
adults (Mukherjee, 1984) are not so marked in the present 
series of data on growing c h i l d r e n . In the children, 
studied in the present study, the dominance/recessive 
effects of the genes for the anthropometric traits are more 
clearly visible in the frequency distribution than the 
additive effects of g e n e s . This may raise a question for 
future investigation into the genetics of these t r a i t s . Is 
there any age difference in the dominance/recessive interac-
tion of alleles? Such a hypothesis would not only be relevant 
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to explain less marked additive effects of genes for anthro-
pometrics in the children than in a d u l t s , but this could 
also be a possible mechanism for a lower heritability for 
anthropometric traits in younger children than in adoles-
cents and a d u l t s . (Tanner, 1 9 6 2 ) . 
It has been suggested that the environmental influence 
on physical growth is greater in younger ages w h i l e the 
attained growth in adult measurements are largely influenced 
by genotypic b a c k g r o u n d . The present findings which are 
suggestive of a dominance' of high values of some measure-
ments may be a result of gene-environment interaction of 
some sort in the c h i l d r e n . 
The frequency distributions of full scale IQ scores 
show increasing frequency of lower values with increase of 
inbreeding levels of F among the c h i l d r e n . This is true for 
either sex and the data pooled together due to 
non-significant sex differences at 5% l e v e l . Reverse is the 
trend of inbreeding effects on frequency distributions of 
the blood p r e s s u r e s . As the F values of the children increase 
the high values of blood pressures tend to increase and low 
values of blood pressures tend to decrease (Figs. 1 5 - 2 1 ) . 
This would explain the change of mean values of the IQ 
and the blood pressures with inbreeding. There may be 
recessive genes having negative effects on IQ and recessive 
genes with positive effects on blood pressures in the 
children of both sexes at least in the Qureshi Muslim popu-
lation of Aligarh City .Similar inbreeding effects of frequency distributions 
of blood pressures can be detected also in the pooled data of different year-
wise age-group of the 'Z' scores,(Fig.27),as in individual age group-
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FIG. 16: PERCENT FREQUENCY DISTRIBUTIONS OF CHILDREN FOR 
VERBAL IQ SCORES AMONG NON-INBRED (NI),SECOND 
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FIG. 17: PERCENT FREQUENCY DISTRIBUTIONS FOR FULL SCALE IQ 
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FIG. 18: PERCENT FREQUENCY DISTRIBUTIONS OF CHILDREN FOR 
SYSTOLIC BLOOD PRESSURE AMONG MALE CHILDREN OF NON 
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FIG. 19: PERCENT FREQUENCY DISTRIBUTIONS OF FEMALE CHILDREN 
FOR SYSTOLIC BLOOD PRESSURE AMONG NON-INBRED (NI), 
SECOND COUSINS (2C), FIRST COUSINS ONCE REMOVED 
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6.1 Dermatoglyphics (Finger) 
The inbreeding effects on finger dermatoglyphics of the 
children of Qureshi Muslim Population of Aligarh/ display 
more consistently the additive effects of allelic genes in 
perfect agreement with results of earlier studies. Thus the 
samples from both males and females display increased frequ-
encies of both the high intensity patterns (As measured by 
number of triradii) i.e., whorls with two triradii and plain 
arches with zero triradii, and the low intensity patterns 
i.e., plain arches with zero triradii, at the cost of 
patterns v/ith a single triradii pooled together (i.e., loops 
and tented arches) (Tables 60 and 61). This is true for each 
sex and for left and right hands separately. This would 
support the hypothesis of homozygosity of the extreme 
pattern intensities on fingers and heterozygosity of the 
pattern with the middle range of intensity. This would 
support some additive effect of the concerned alleles, which 
has been suggested earlier by familial correlations of 
pattern intensity (Mukherjee, 1966; Loesch, 1971). 
Even if the tented arches are combined with arches and 
considered in low intensity patterns, the above hypothesis 
proposed by Mukherjee et al., (1980, 1990) seems to be 
supported by the present data. However, when groups of 
individuals representing four degrees of inbreeding classes 
are compared, while v/horls and arches tend to increase with 
inbreeding in the males, the whorls only appear to do so in 
1 7 6 
females. The arches and tented arches alike get reduced with 
lov/ degrees of inbreeding in at least finger I of the 
hands, before tending to rise again with further inbreeding 
in females. These results also agree with earlier findings 
from different populations (Mukherjee, 1990a) and therefore 
cannot be ignored nearly as a sample fluctuation. The 
increase of whorls in the females is disproportionately 
large in the offspring of second cousin marriage (F=0.0156) 
in comparison to that in the offspring of more closely 
related couples. In other words the effects of increase of 
whorl frequencies and also that of arches is apparently non-
linear especially in the females (Tables 62 - 65). Another 
point to be noted/ is the higher rate of increase of whorl 
frequencies with inbreeding in the females than in the 
males. This has le^, • earlier workers (Mukherjee ^ al., 
1990) to suggest the possible influence of some X- linked 
recessive genes with positive effect on pattern intensity 
i.e., for whorls on human fingers in addition to autosomal 
genes with additive effects. The arch frequencies on the 
whole tend to increase with inbreeding much less in females 
than in males. While, perhaps supporting the additional 
X-linked influence may be the results of non-linear possible 
epistasis effects of some sort. It seems necessary to note 
that, as is generally expected, the frequencies of arches in 
the female samples are always greater than in the males. 
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If the loops are again divided into ulnar and radial 
types, the inbreeding effects on the frequencies of two 
types of loops are in opposite directions. It is the ulnar 
loops which get reduced in frequency, with each increase in 
the inbreeding level consistently in each sex and in each 
hand. But the radial loops increase with inbreeding level 
with about more or less equal consistency. The rates of 
increase with inbreeding appear to be similarly non-linear 
and exceed in females than in males as in the case of whorls 
(Tables 66 - 69). Thus, in theory, the ulnar loops should 
represent heterozygotes, because they get reduced in 
frequency with inbreeding in the present data and in several 
other series studied earlier. But increased radial loops 
alongwith whorls raise a question as to the increased 
homozygosity of the radial components of patterns, whether, 
these are within or outside the whorls or there are separate 
genes for the radial loops and whorls, the homozygotes which 
increase with inbreeding. It is likely that these radial 
loop components of patterns may really be influenced by some 
X-linked loci in view of the earlier suggestions from family 
studies (Walker, 1941). This is because, of the fact that 
radial loops tend to show the greater inbreeding effects in 
females than in males. However, in the present sample, the 
frequency of radial loops in females is generally greater 
than males. 
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To examine if the inbreeding effects on patterns of 
fingers are consistent on individual fingers, the distribu-
tion patterns of each of the ten fingers were examined 
among the male and female individuals separately (Tables 70 
- 74). However, it has been kept in mind that this exercise 
has a limitation, as the sample sizes of each finger are 
reduced to one tenth of the total sample of each category of 
classes of inbreeding of each sex. This would, of course, 
lead to the hazards of sample fluctuation within this 
limitation. The general trend of increase of whorls, plain 
arches and radial loops at the cost of ulnar loops in 
particular, with inbreeding, can be traced for each finger 
separately with occasional errors of sampling, especially in 
males. It is more consistent in females in general and in 
the IVth digit in particular. The results of this analysis, 
therefore, strengthen the hypothesis of common genes for 
ridge pattern on all fingers and their homozygosity, 
increasing with inbreeding which leads to increase of 
frequencies of whorls, arches and radial loops. It is 
important to note that though the consistent sex differences 
in the frequencies of patterns exist, these can not be 
detected across the different degrees of inbreeding. For 
example the daughter of first cousins have larger whorl 
frequencies especially than the sons of second cousins in 
the present population. This would demonstrate the need for 
considering the genetic structure and mating patterns of 
Table 60 179 
Percent frequencies of patterns of Finger Print types with different levels of Inbreeding arop'j 
the nale children 
Side Mhorl L O O P S Tented 
Ulnar Radial Arches Arches Fingers (N) 
HI 
R 
L 
R+L 
47.10 
43.94 
45.52 
45.00 
48.16 
46.57 
3.68 
3.28 
2.39 
2.37 
2.37 
1.84 
2.63 
2.27 
380 
380 
760 
2C 
R 
L 
R+L 
47.57 
45.05 
46.26 
44.21 
47.15 
45.68 
3.78 
3.57 
3: .'68 
1.89 
1.47 
1 .68 
2.52 
2.73 
2.63 
475 
475 
950 
ICl 
R 
L 
R+L 
48.84 
45.68 
47.26 
41.68 
44.63 
43.16 
4.21 
4.20 
4.2 V 
2.32 
2.10 
2.21 
2.94 
3.57 
3.26 
475 
475 
950 
IC 
R 
L 
R+L 
51.11 
46.67 
48.89 
38.44 
40.89 
39.67 
5.55 
5.34 
5.45 
1.56 
2.67 
2.12 
3.33 
4.50 
3.92 
450 
450 
900 
IN 
R 
L 
R+L 
49.14 
45.78 
47.46 
41.49 
44.28 
42.89 
4.49 
4.28 
4.39 
1.93 
2.07 
2.00 
2.93 
3.58 
3.25 
1400 
1400 
2800 
NI - non-Inbred (F-0); 2C • Second Cousin (F-0.0156); ICl- First Cousin Once Removed (F-O.03125); 
K • First Cousin (F»0.0625); IN - Total Inbreeding (F'O.03598). 
1 8 0 
Table 61 
Percent f requencies of pa t te rns of F inger P r i n t types w i th d i f f e r e n t l e v e l s of Inbreeding anong 
the f e n a l e ch i ld ren 
Side Whorl L O O P 
Ulnar 
S 
Radial 
Tented 
Arches Arches Fingers (H) 
R 37.00 52.25 4.00 2.50 4.25 400 
HI L 31.25 55.25 4.00 3.80 5.76 400 
R+L 34.12 53.75 4.00 3.12 5.00 800 
R 46.80 42.80 5.40 1.20 3.80 500 
2C L 40.60 48.40 5.00 2.2 0 3,80 500 
R+L 43.70 45.60 5.20 1.70 , 3.80 1000 
R 48.00 39.42 6.28 1.71 4.57 525 
1C1 L 43.23 41.71 6.28 3.43 5.34 525 
R+L 45.62 40.57 6.28 2.57 4.95 1050 
R 48.94 35.52 7.52 2.12 5.88 42 5 
IC L 44.23 37.88 7.05 3.29 7.52 425 
R+L 46.58 36.70 7.29 2.70 6.70 850 
R 47.86 39.44 6.34 1.65 4.69 1450 
IN L 42.62 42.89 6.06 2.97 5.45 1450 
R+L 45.24 41.17 6.20 2.30 5.07 2900 
NI -
IC • 
non-Inbred (F«0); 2C= : 
First Cousin (F=0.0625) 
Second Cousin 
; IN • Total 
(F=0.0156) 
inbreeding 
; 101 •= First 
(F=0.03501) 
Cousin Once Removed (F=0.03125); 
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Tabic 62 
Rates of Increnent wi th d i f f e r e n t l eve ls of Inbreeding fo r whorl on f inger p r i n t among the nale 
ch i ld ren 
Side Whorl (X) Absolute Increnent Increment rates of frequencies 
rate 10* F rate per F lOS F 
L 43.90 . . . . . 
NI R 47.10 . . . . . 
L+R 45.50 . . . . . 
L 45.05 1.15 7.37 0.026 1.69 0.169 
ZC R 47.60 0.50 3.21 0.011 0.71 0.071 
L+R 46.30 0.80 5.29 0.018 1.20 0.113 
L 45.70 1.80 5.76 0.041 1.32 0.132 
ICl R 48.80 1.70 5.45 0.036 1.15 0.115 
L+R 47.30 1.75 5.61 0.040 1.24 0.120 
L 46.70 2.80 4.48 0.064 1.02 0.102 
IC R 51.10 4.01 6.42 0.085 1.36 0.136 
L+R 48.90 3.40 5.44 0.075 1.19 0.119 
L 45.80 1.90 5.28 0.043 1.20 0.120 
IN R 49.10 2.00 5.56 0.043 1.18 0.118 
L+R 47.50 2.00 5.57 0.044 1.22 0.122 
Kl'non-lnbred (F=0); 2C«Second Cousin (F=0.0156); ICl-Flrst Cousin Once Removed (F«0.03125); 
IC-Flrst Cousin (F*0.0625); IH= Total Inbreeding (F=0.0359). 
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Table 63 
Rates of Increment with different levels of Inbreeding for whorl on finger print among the female 
children 
Side Whorl (X) Absolute Increment 
rate lOX'F 
Increment rates of frequencies 
rate Per F 10 X F 
NI 
L 
R 
L+R 
31.30 
37.00 
34.11 
zc 
L 
R 
L+R 
40.60 
46.80 
43.70 
09.30 
09.80 
09.60 
59.60 
62.82 
61.50 
0.297 
0.265 
0.281 
19.05 
16.98 
18.04 
1.905 
1.698 
1.804 
ICl 
L 
R 
L+R 
43.20 
48.00 
45.60 
11.90 
11.00 
11.50 
38.08 
35.20 
36.80 
0.380 
0.298 
0.338 
12.2 
09.51 
10.80 
1.22 
0.951 
1.080 
IC 
L 
R 
L+R 
44.20 
48.90 
46.60 
12.90 
11.90 
12.50 
20.64 
19.04 
20.00 
0.412 
0.322 
0.367 
06.59 
5.15 
5.86 
0.659 
0.515 
0.586 
IH 
L 
R 
L+R 
42.60 
47.90 
45.20 
11.30 
10.90 
11.14 
32.30 
31.10 
31.81 
0.361 
0.295 
0.327 
10.31 
08.41 
09.33 
1.031 
0.841 
0.940 
NI = non-Inbred (F=0); 2C' Second Cousin (F=0.0156); ICl = First Cousin Once Removed (F=0.03125); 
IC = First Cousin (F=0.0625); III » Total inbreeding (F=0.0350). 
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Table 64 
Rates of Increment with d i f f e r e n t leve ls of Inbreeding fo r Arches on f inger p r i n t anong the 
male ch i ldren 
Side Arches (t) Absolute Increment Increment rates of frequencies 
rate 10X (F) rate Per (F) lOt F 
L 2.60 . . . . . 
NI R 1.80 . . . . . 
L+R 2.20 . . . . . 
L 2.70 0.10 0.640 0.038 2.47 0.247 
2C R 2.50 0.70 4.49 0.389 24.94 2.494 
L+R 2.60 0.40 2.56 0.189 12.12 1.212 
L 3.60 1.00 3.20 0.385 12.31 1.231 
ICl R 2.90 1.10 3.52 0.611 19.55 1.955 
L+R 3.30 1.10 3.52 0.500 16.00 1.600 
L 4.50 1.90 3.04 0.730 11.70 1.170 
IC R 3.30 1.50 2.40 0.833 13.33 1.333 
L+R 3.90 1.70 2.72 0.773 12.37 1.237 
L 3.60 1.00 2.80 0.380 10.70 1.070 
IN R 2.90 1.10 3.06 0.611 17.02 1.702 
L+R 3.30 1.10 3.06 0.500 13.93 1.393 
HI= non-Inbred (F-0); 2C* Second Cousin (F«0.0156); 1C1« First Cousin Once Removed (F=0.03125); 
1C= First Cousin (F.0.0625); IN- Total inbreeding {F«0.0359). 
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T a b l e 65 
R a t e s o f I n c r e m e n t w i t h d i f f e r e n t l e v e l s o f I n b r e e d i n g f o r A r c h e s on f i n g e r 
P r i n t anong t h e f e m a l e c h i l d r e n 
Side Arches (X) Absolute 
rate 
Inci^enent 
lot F 
Increment rates of frequencies 
rate Per F 10* F 
L 5.76 - - - -
RI R 4.30 - - - -
L+R 5.00 - - - -
L 3.80 - - - -
20 R 3.80 - - - -
L+R 3.80 - - - -
L 5.34 - - - -
ICl R 4.60 0.30 0.96 0.069 2.23 0.223 
L+R 5.00 - - - -
L 7.52 1.76 2.72 0.405 6.50 0.650 
10 R 5.88 1.58 2.82 0.367 5.88 0.588 
L+R 6.70 1.70 2.72 0.340 5.44 0.544 
L 5.45 i-. - , 
IN R 4.70 0.40 1.14 0.092 2.66' 0.266 
L+R 5.08 0.08 0.23 0.016 0.457 0.0457 
N1 • non-inbred (F»0); 2C=Second Cousin (F=0.0156); ICI'First Cousin Once Removed (F=0.03125); 1C« 
First Cousin (F=0.0625); IN= Total Inbreeding (F'0.0350). 
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Table 66 
Rates of Increment wi th d i f f e r e n t Inbreeding leve ls f o r Radial Loop on f i n g e r p r i n t among the male 
ch i ldren 
Side Radial Loop Absolute increment 
rate lOX F 
Increment rates of frequencies 
rate Per F 10* F 
HI 
L 
R 
L+R 
2.90 
3.70 
3.28 
2C 
L 
R 
L+R 
3.60 
3.80 
3.70 
0.70 
0.10 
0.40 
4.50 
0.64 
2.56 
0.242 
0.027 
0.121 
15.47 
1.73 
07.77 
1.547 
0.173 
0.777 
ICl 
L 
R 
L+R 
4.20 
4.20 
4.20 
1.30 
0.50 
0.92 
4.16 
1.60 
2,94 
0.450 
0.135 
0,280 
14.40 
04.32 
8,96. 
1.440 
0.432 
0,896 
IC 
L 
R 
L+R 
5.30 
5.60 
5.50 
2.44 
1.90 
2.20 
3.90 
3.04 
3.52 
0.841 
0.513 
0.667 
13.50 
08.21 
10.67 
1.350 
0i821 
1.067 
IN 
L 
R 
L+R 
4.30 
4.50 
4.40 
1.40 
0.80 
1 . 1 2 
3.89 
2.00 
3.12 
0.483 
0.216 
0.341 
13.42 
5.42 
9.50 
1.342 
0.542 
0.950 
NI « non-inbred (F«0); 2C=« Second Cousin (F-0.0156)! 1C1 - First Cousin Once Removed (F-0.03125); 
1C= First Cousin (F-0.0625); IH = Total Inbreeding (F-0.0359). 
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Table 67 
Rates of Increment w i th d i f f e r e n t Inbreeding l e v e l s f o r Radia l Loop on f i n g e r p r i n t among the female 
c h i l d r e n 
Side Radial Loop 
(%) 
Absolute Increment 
rate 10* F 
Increment rates of frequencies 
rate Per F 10* F 
L 4.00 - - - - -
NI R 4.00 - - - - -
L+R 4.00 - - - - -
L 5.00 1.00 6.41 0.250 16.02 1.062 
2C R 5.40 1.40 8.97 0.350 22.43 2.243 
L+R 5.20 1.20 7.69 0.300 8.34 0.834 
L 6.30 2.30 7.36 0.575 18.40 1.840 
1C1 R 6.30 2.23 7.36 0.575 18.40 1.840 
L+R 6.30 2.30 7.36 0.575 18.40 1.840 
L 7.05 3.05 4.88 0.762 12.20 1.220 
IC R 7.50 3.50 5.60 0.875 14.00 1.400 
L+R 7.30 3.30 5.28 0.825 13.20 1.320 
L 6.06 2.06 5.74 0.515 14.35 1.435 
IN R 6.30 2.30 6.57 0.575 16.42 1.642 
L+R 6.18 2.18 6.07 0.545 15.18 1.518 
NI 3 
IC . 
non-1nbred (F 
First Cousin 
=0); aC" Second Cousin 
(F=0.0625); IN - Total 
(F=0.0156)j 101 
Inbreeding (F»0. 
• First 
0350). 
Cousin Once Removed (F»0.03125); 
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Table 68 
Rates of reductjon- Mith d i f f e r e n t l eve ls of Inbreeding f o r ulnar loops on f inger p r i n t among the 
• a l e ch i ldren 
Side Ulnar Loops Absolute reductloff Reduction rates of frequencies 
(*) rate lOX F rate per F 10X F 
L 48.20 . . . - -
HI R 45.00 . . . - -
L+R 46.60 . . . - -
L 47.20 1.00 06.40 0.021 1.33 0.133 
2C R 44.21 0.80 05.13 0.018 1.14 0.114 
L+R 45.70 0.90 05.77 0.019 1.23 0.123 
L 44.60 3.60 11.52 0.075 2.39 0.239 
I d R 41.70 3.30 10.56 0.073 2.35 0.235 
L+R 43.20 3.40 10.88 0.073 2.33 0.233 
L 40.90 7.30 11.68 0.151 2.42 0.242 
IC R 38.50 6.50 10.40 0.144 2.31 0.231 
L+R 39.70 6.90 11.04 0.148 2.37 0.237 
L 44.30 3.90 10.84 0.081 2.25 0.225 
IH R 41.50 3.50 09.73 0.078 2.17 0.217 
L+R 42.90 3.70 10.31 0J38.0 2.21 0.Z21 
HI - non-Inbred (F=0); 2C= Second Cousin {F«0.0156); ICl = First Cousin Once Removed (F = 0.03125); 
IC • First Cousin (F-0.0625); IN « Total Inbreeding (F=0.0359). 
1 8 8 
Table 69 
Rates of reduction with different levels of Inbreeding for ulnar loops on finger print among the 
female children 
Side ulnar loops Absolute deduction Redactldn.' rates of frequencies 
(X) rate 10* F rate per F lOX F 
L 55.30 . . . . . 
NI R 52.30 . . . . . 
L+R 53.80 - . . . 
L 48.40 06.90 44.23 0.125 7.99 0.799 
2C R 42.80 09.50 60.89 0.182 11.64 1.164 
L+R 45v60 08-.20 52.56 0 . 153 9.77 0.977 
L 41.70 13.60 43.52 0.246 7.87 0.787 
1C1 R 39.40 12.90 41.30 0.250 7.89 0.789 
L+R 40.60 13.20 42.24 0.245 7.85 0.785 
L 37.90 17.40 27.84 0.315 5.03 0.503 
1C R 35.50 16.80 26.88 0.321 5.14 0.514 
L+R 36.70 17.10 27.36 0.318 5.08 0.508 
L 42.90 12.40 35.42 0.225 6.40 0.640 
IM R 39.40 12.90 36.75 0.247 7.04 0.704 
L+R 41.20 12.60 36.04 0.234 6.69 0.669 
HI - non-1nbred (F-0); 20- Second Cousin (F»0.0156); 1C1 « First Cousin Once Removed (F-0.03125); 
IC » First Cousin (F«0.0625); IN •» Total Inbreeding (F = 0.0350). 
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Table 72 
Pat tern frequencies ( t ) on d i g i t III with the d i f f e r e n t leve ls of Inbreeding aaong the ch i ldren of 
e i t h e r sex (a • n a l e , f • f e n a l e ) 
Variables Side Sex HI 2C 101 IC 
L a 50.00 49.47 51.57 54.50 
W h o r l f 21.25 30.00 33.40 32.94 
R m 53.95 55.78 58.94 62.23 
f 37.50 46.00 47.62 49.41 
L 46.05 45.26 43.15 38.89 
Ulnar Loop f 62.50 56.00 50.47 47.05 
R 38.16 37.89 34.73 31.10 
f 57.50 47.00 43.80 42.35 
L m 02.63 01.05 01.05 02.23 
Radial loop f 06.25 06.00 06.67 08.23 
R 03.95 02.11 02.10 03.34 
f 01.25 03.00 03.80 04.70 
L B 01.32 02.11 02.10 01.12 
Tented Arches f 03.75 03.00 03.80 04.70 
R 0 01.31 03.15 03.18 01.12 
f 01.25 02.00 01.90 01.17 
L III 00.00 02.11 02.10 03.34 
Arches f 06.25 05.00 05.71 07.05 
R • 02.63 01.05 01.05 02.23 
f 02.50 02.00 02.85 02.35 
HI « non-Inbred {F=0) 
1C » First Cousin (F-
; 2C» Second Cousin 
0.0625)-
(F-0.0156); 1C1 =• First Cousin Once Removed ( F - O . O S H b j 
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Tabic 71 
Pat tern frequencies (X) on d i g i t I I wi th the d i f f e r e n t leve ls of Inbreeding among the chi ldren of 
e i t h e r sex (n » male, f • female) 
Variables Side Sex NI 2C ICl 1C 
L n 47.36 46.31 40.00 42.23 
Whorl f 43.75 56.00 57.14 57.64 
R 0 44.73 48.42 49.47 46.70 
f 41.25 53.00 54.28 55.29 
L m 32.21 37.89 48.42 32,23 
Ulnar Loop f 40.00 32.00 26.67 22.35 
R n 34.21 35.78 30.52 32.30 
f 36.25 28,00 24.76 18.82 
L m 06.58 09.47 05.26 12.30 
Radial Loop f 05.00 06.00 07.61 08.23 
R a 09.21 08.42 09.48 11.12 
f 07.50 08.00 08.57 10.58 
L m 05.27 01.05 02.10 05.60 
Tented Arches f 03,75 03.00 03.80 03.52 
R B 06.58 02.11 04,21 03.34 
f 06.25 02,00 02,85 03.52 
L m 06.58 05.26 04.21 07.80 
Arches f 07.50 03,00 04.76 08.23 
R 05.26 05.26 06.31 06.66 
f 08.80 09.00 09.85 11.76 
NI « non-1nbred (F«0); 2C= Second Cousin (F«0.0156); 1C1 = First Cousin Once Removed (F=0,03125); 
1C • First Cousin (F«0.0625). 
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Table 72 
Pattern frequencies ( t ) on d ig i t I I I with the di f ferent levels of Inbreeding aaong the children of 
either sex (a • nale, f • fenale) 
Variables Side Sex NI 2C 1C1 1C 
L m 39.50 41.05 40.00 41.11 
Whorl f 28.75 43.00 43.80 44.70 
R B 38.15 37.89 37.89 38.90 
f 27.50 42.00 42.85 43.52 
n 50.00 50.52 48.42 44.50 
Ulnar Loop f 53.80 45.00 39.04 34.12 
n 57.89 54.73 52.63 48.88 
f 62.50 45.00 40.95 37.65 
L n 02.63 04.21 05.26 06.67 
Radial Loop f 03.75 04.00 05.71 05.88 
R a 02.63 03.15 04.21 05.60 
f 06.25 08.00 09.52 10.58 
L B 03.95 01.05 02.10 02.23 
Tented Arches f 05.00 03.00 04.76 04.70 
R a 00.00 02.11 02.10 02.23 
f 01.25 01.00 01.90 02.35 
L • 03.95 03.15 04.21 05.60 
Arches f 08.70 05.00 06.67 10.58 
R • 01.32 2.11 03.18 04.45 
f 02.50 04.00 04.76 05.88 
NI » non-Inbred (F=0); 20= Second Cousin (F=0.0156); 1C1 = First Cousin Once Removed (F=0.03125); 
IC = First Cousin (F=0.0625). 
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Table 73 
Pat tern frequencies {%) on d i g i t IV wi th the d i f f e r e n t leve ls of Inbreeding among the ch i ld ren cf 
e i t h e r sex (n » male, f « fena le ) 
Variables Side Sex HI 2C ICl IC 
L 0 59.21 65.26 66.32 66.67 
Hhorl f 43.80 54.00 55.23 56.47 
R • 65.78 72.65 73.68 74.50 
f 55.00 63.00 63.80 64.70 
L n 36.84 29.47 28.40 27.78 
Unlar Loop f 46.25 37.00 34.28 29.41 
R 0 30.26 21.05 20.00 18.88 
f 37.50 30.00 28.57 23.52 
L n 02.63 02.11 02.10 03.34 
Radial Loop f 01.25 05.00 04.76 07.05 
R m 02.63 03.15 03.18 05.60 
f 01.25 04.00 04.76 05.88 
R m 01.32 01.05 01.05 01.12 
Tented Arches f 03.75 01.00 01.90 02.35 
R 01.32 01.05 01.05 00.00 
f 02.50 01.00 00.00 01.17 
L M 00.00 02.11 02.10 01.12 
Arches f 05.00 03.00 03.80 04.70 
R m 00.00 02.11 02.10 01.12 
f 03.75 02.00 02.85 04.70 
HI • non-1nbred (F^O); 2C= Second Cousin (F»0.0156); ICl = First Cousin Once Removed (F = 0.03125); 
IC • First Cousin (F»0.0625). 
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Table 74 
Pat tern frequencies 1%) on d i g i t V wi th the d i f f e r e n t l eve ls of Inbreeding among the ch i ld ren of 
e i t h e r sex { • » Bale , f » feoa le ) 
Variables Side Sex HI zc 1C1 10 
L • 23.68 ' " 23.15 26.31 28.89 
Whorl f 18.75 20.00 26.67 29.41 
R 32.89 23.15 24.21 33.40 
f 23.80 30.00 31.42 31.76 
L m 73.68 72.63 67.36 61.20 
Unlar Loop f 73.75 72.00 58.09 56.47 
R m 64.47 71.57 70.52 61.11 
f 67.50 64.00 59.04 55.29 
L 00.00 01.05 01.05 02.23 
Radial Loop f 03.75 04.00 06.67 05.88 
R 00.00 02.11 02.10 02.23 
f 03.75 04.00 04.67 05.88 
L m 00.00 02.11 02.10 03.34 
Tented Arches f 02.50 01.00 02.85 01.17 
R m 02.63 01.05 01.05 01.12 
f 01.25 00.00 01.90 02.35 
L • 02.63 01.05 03.15 04.45 
Arches f 01.25 03.00 05.71 07.05 
R m 00.00 02.11 02.10 02.23 
f 03.75 02.00 02.85 04.70 
KI - non-Inbred (F-0) 
IC " First Cousin (F-
i 2C>> Second Cousin 
0.0625). 
(F-0.0156); 1C1 » First Cousin Once Removed (F.0.0312''.); 
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the population and also of the samples drawn from it for 
comparison between the sexes. 
Thus, anthropological or genetical studies need not 
only to take physical and physiological variations, but also 
to take into account the inbreeding levels of the 
populations and the samples on which the data studied are 
based. 
6.2 Inbreeding Effects:Percentile Grrowth/Development Curves: 
Since the physical and physiological data have been 
collected from male and female children of some successive 
annual age groups, to examine the effects of homozygosity 
(due to inbreeding), it is logical to test on the basis of 
these data, at least in a preliminary way,the inbreeding 
effects on the growth and development. The analysis, so fai^  
has dealt with the inbreeding effects on the achievement of 
growth or development in the specific age groups of child-
hood. A comparison of successive ages of male and female 
children with different inbreeding levels are attempted hero 
to obtain a preliminary overview of the inbreeding effects 
on the growth. However, this would only give a preliminary 
implication of the inbreeding effects on the growth 
processes because, the data are cross-sectional in nature. 
Furthermore, the sample sizes for the age groups and the 
design of the study may not be adequate for the purpose of 
studying the inbreeding effects on the growth processes. 
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In any case, it is customary to study the growth 
processes and the rates of growth in cross-sectional data on 
the basis of distance curves which are obtained by ploting 
mean values of sucessive ages. The same approach therefore 
has been adopted here. Secondly/ it is customary also to 
study the variation and the standards of growth in cross-
sectional data of measurements by drawing the distance 
curves for different percentiles in successive age groups. 
The distance curves for 5th, 50th (mode) and 95th percentile 
values of different physical and physiological measurements 
studied here are drawn (Figs. 28 to 38) for different 
inbreeding levels. 
For anthropometrics only two levels of inbreeding are 
considered^the non-inbred (F=0) and total inbred (F>0) for 
samples of each sex, because the sample sizes of other 
specific F levels such as 0.0156, 0.03125, and 0.0625 would 
be too small for such an analysis of percentiles. 
It is apparent for all of the anthropometric traits in 
each sex that the three given values of the percentile of 
the inbred individuals for each age group are consistently 
smaller than that of the non-inbred individuals, as has also 
been found in their mean values. This consistency strength-
ened the observation of recessive genes with negative 
effects for each anthropometric traits considered here. It 
is also observed that the amount of inbreeding depression in 
body weight and standing height is relatively greater in the 
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5th percentile (Figs. 28, 29)^that is, at the lower extreme 
of the distribution. But this is not the case for sitting 
height, (Fig. 30) or for measurements taken of the heads 
and the chest (Figs. 31-34). 
Considering the rates of increase with age, the 
pictures are not very clearly different between the non-
inbred and inbred samples. It cannot be said from the 
present data that the rate of growth is greater in the non-
inbred or inbred individuals of the same sex for any of the 
characters. Further, preferably, longitudinal data would be 
required to examine it there is any inbreeding i.e., 
homozygosity effects on the magnitude of the rates of 
growth. If such an indication of the increase/decrease of 
the rates with inbreeding are available, that would 
suggest non-additive genes for growth rates. No such 
indication, however, is available from the comparison of 
inclination of the percentile curves in the inbred and non-
inbred samples. It might be possible that the samples 
studied here are yet inadequate to detect such inbreeding 
effects on the magnitude of the rates of growth. On the 
other hand, it is quite possible that the genes involved in 
the rate of growth, if any, are additive in effect rather 
than dominant/recessive. Inbreeding effects, in this case, 
would not be on the magnitude of the rates but the variabi-
lity of the rates of growth. The results of the present 
analysis, though not yet conclusive, might raise a question 
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of additive genes, rather than total absence of genetic 
basis of growth rates. 
The distance curves for 5th, 50th and 95th percentiles 
for systolic and diastolic blood pressures in each sex have 
been obtained for samples of four different levels of 
inbreeding (Figs. 35-38). There is a general trend seen in 
all the percentile values that the blood pressures increase 
with the increase in the degrees of inbreeding in each age 
and sex. Hov/ever, there airje some overlappings between the 
different inbreeding levels, as also seen for mean values of 
different age groups obviously, due to sampling fluctuations. 
However, on the whole, the non-inbred individuals generally 
show lower blood pressure values, specially in case of 
females and relatively more clearly so in the diastolic blood 
pressure than in the systolic blood pressure. The results, 
in respect of absolute values of blood pressures, are 
indicative of recessive genes for higher blood pressure in 
the children, but as in the case of anthropometrics, the 
precentile curves do not reflect any trend of inbreeding 
effects, on the rate of change in blood pressures with the 
successive agesin the range of 6-11 years, although there is 
generally an increase of blood pressure in almost all cases 
with age in this range. The values of 95th percentile have 
been considered as those of high blood pressure (Sharma et 
1 9 8 
al., 1991). From this point of view, the present analysis 
suggests the possibility that the standard high blood 
pressure levels of the non-inbred children is generaly lower 
than that of the inbred children of either sex in the 
Qureshi Muslim population of Aligarh City, especially with 
respect to diastolic blood pressure. 
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ASCENDING ORDER) FOR SITTING HEIGHT AMONG NON-
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ASCENDING ORDER) FOR HEAD CIRCUMFERENCE AMONG NON-
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F I G . 34 : AGE SPECIFIC PERCENTILES (5th, 50th, 95th IN 
ASCENDING ORDER) FOR CHEST CIRCUMFERENCE AMONG 
NON-INBRED (NI) AND INBRED (IN) GROUPS OF EITHER 
SEX, 
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(2C), FIRST COUSIN ONCE REMOVED (ICl) AND FIRST 
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7. SUMMARY AND CONCLUSIONS 
The results of the present thesis are directly relevant 
to the understanding of the genetical background of several 
types of characters. They also have an indirect significance 
for physical development in the community. Consanguinity, 
directly emanating from the socio cultural traditions of the 
community, is a major genetic factor affecting the general 
profile of both the physical, physiological and mental 
aspects of growth and development of the individuals. Apart 
from the physical environment, consanguinity can be assigned 
the status of a specific type of social environment, which 
brings about genetic consequences. The work was carried out 
in Aligarh district (Uttar Pradesh, North India)andit studied 
the impact of inbreeding among the Qureshi Muslims. The 
present thesis contributes to further the knowledge about 
inbreeding effects on physical measurements, intelligence 
quotient (IQ), systolic and diastolic blood pressures and 
dormatoglyphic patterns on finger. The data were systema-
tically collected and adequately controlled for socio-
economic status of the subjects v;ith different inbreeding 
levels. To get the reliability and consistency of the 
results, the analyses were extended to the total samples 
selected and also the sub-samples of different age groups for 
both sexes (males and females). It was necessary also to 
control the samples from different inbreeding classes for 
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assessing for variability in gene frequencies. For this 
reason, data for different inbreeding classes were collec-
ted from pairs of close relatives. The data were distributed 
through different age groups to neutralize the age effects 
on the quantitative traits. The overall trend and the 
salient features of the work and the mechanism and genetic 
implications of the inbreeding effects are brought under the 
following items. 
(1) An overall significant reduction of means has been 
observed in inbred series for traits like seven anthropo-
metric measurements and three intelligence quotients. So, 
the results of this study confirm the appreciable inbreeding 
depression especially among the offspring of first cousins, / 
on weight, standing and sitting heights, head circumference, 
head length head breadth, chest girth, verbal IQ, perfor-
mance IQ and full scale IQs. Similar trends have also been 
found in inbred series of Japanese children (Morton, 1958; 
Schull, 1962; Schull and Neel, 1965; Morton et , 1967) 
and of adults from Hutterities (Steinberg, 1963; Mange 
1963); Egyptian Nubians (Strouhal, 1971); Brazilians 
(Krieger, 1969; Rao et , 1975) and among others, a few 
populations in India in recent times (Basu, 1975; Mukherjee 
1984; Mukherjee, 1985; Mukherjee and Lakshmanudu, 1980) 
either through regression analysis or sometimes, in direct 
comparison. Certain other studies (Morton, 1955; Schork, 
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1964; Barrai, ^ al^ ., 1964) did not reveal significant 
inbreeding depression on physical measurements due to 
problems inherent in those studies. Morton (1955) concluded 
that the temporal changes in infant measurements might be 
due to nutrition and other environmental factors. 
A similar trend of significant inbreeding depression 
and reduction of means in inbred children for intelligence 
scores like performance, verbal and full scale IQs have been 
observed in the present data, however, the study has some 
limitations that are important to be clarified. First, it 
was not feasible to test the IQ of parents, therefore it is 
/ 
not possible to rule out the possibility that persons of low 
IQ are more likely to marry relatives and that the findings 
are due, perhaps in part, to this factor. It was noted, 
however, that the consanguineous parents did not show ^ any 
congenital defects. Second, the some difference in socio-
economic status (SES) scores could be possible between the 
samples from different inbreeding classes. However, the 
occupational homogeneity of the sample suggests that social 
class is not an important concomittant factor. Third, the 
present investigator who administered the IQ tests to the 
children was aware of the consanguinity status of the 
parents of the subjects tested and it must be acknowledged 
that this factor might have created a subtle and unintended 
bias. Beyond such limitations, a few interesting observa-
tions from the study have emerged. 
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The most widely cited study on IQ is by Schull and Neel 
(1965) from Hiroshima, Japan. The subjects varied in their 
coefficient on inbreeding from first cousins (F=0.0625) to 
second cousins (F=0.0156) with the age varying from 5 to 12 
years. The present study, methodologically, is close to 
Schull and Neel's (1965) study conducted in Hiroshima. Both 
studies employed the WISC Scale. Furthermore, both studies 
collected data from different age groups and the same 
inbreeding classes (F = 0.0625; 0.0312; 0.0156). This study 
is still closer to an Indian study by Afzal (1988) among the 
Ansari (Weavers) Muslims of Bihar State, Eastern India. 
Hov/ever, these two studies differ in two points. Afzal's 
study compared the non-inbred children with offspring of 
first cousins only (F = 0.0625), and also considered the 
rural and urban samples separately. The present study 
compares the IQ scores of four degrees of inbreeding, though 
it concentrates on the urban population only. 
Schull and Neel (1965) used multivariate regression 
analysis to remove the effects of age and SES for each 
gender and predict WISC scores. The mean predicted WISC 
scores of the inbred children was 4.5 point lower than that 
of the non-inbred children. The percentage depression 
varied from 4 to 12% for the different subtests, with a mean 
decrease of about 8%. Thus inbreeding appeared to have an 
effect in Hiroshima. However, in Hirado, Japan, Neel £t al., 
(1970) and Schull and Neel (1972) failed to detect any 
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decrease due to inbreeding. Bashi (1977), studying Arab 
children in Isreal, did notice a significant depression in 
IQ. Certain Indian studies deserve mention. Among inbred 
children, Puri et sQ., (1978) in Pondicherry, observed a one 
and half times higher frequency of mental subnormality. 
Inbaraj and Rao (1978) noted a depression of 2 points in IQ. 
Several authors like Agrawal et al., (1984), Afzal (1988), 
Afzal and Badaruddoza (1990), and Badaruddoza and Afzal 
(1992; 1993) have conducted their studies among Indian 
Muslims of different parts of India. They found a 
significant inbreeding depression of IQ in the inbred series. 
The failure of some workers to detect inbreeding depression 
in certain populations may be due to various other causes, 
viz. sample size, SES, scale used and even prior training of 
the workers. 
Results of blood pressures and finger print patterns in 
the present study show an opposite trend of inbreeding 
effects in comparison to other traits. A significant 
elevation of mean with inbreeding is observed for systolic, 
diastolic and mean arterial blood pressures for both the 
sexes and in almost every age-group. Therefore, elevation of 
means of blood pressure due to inbreeding amounts to reduc-
tion of physiological performance which does not have 
selective values. The systematic study of blood pressures 
v/ith inbreeding is very scanty in India and also abroad. 
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Takkunen (1964); Cruz-Coke and Covarrubias (1964); 
Schull and Neel (1965); Krieger (1969); Barbosa and Krieyer 
(1979) reported the different results in their studies of 
the association of blood pressures and inbreeding. Takkunen 
regarding his study on twins in Finland concluded that the 
variability of systolic blood pressure and the pulse rate 
v;ere found to depend on the genetic factors, while 
diastolic blood pressure appeared to be dependent on 
environmental factors only. Schull and Neel failed to 
identify any significant dominant component for the 
determination of diastolic blood pressure, while Cruz-Coke 
and Covarrubias concluded from their studies that blood pre-
ssure is determined by a strong genetic component of a 
multifactorial nature. The role played by non-genetic 
factors in the determination of this phenotype is limited. 
Therefore, Schull and Neel's failure to detect any genetic 
component might be due to the heterogeneity of the Japanese 
subjects with different backgrounds. The support for a 
strong genetic determination of blood pressure is indicated 
by the existence of several lines of hypertensive rats 
(Devine and Smirk, 1964). Several other studies have been 
done for genetical and environmental factors for determina-
tion of blood pressure in man (Province and Rao, 1985; 
Mukherjee et al., 1988; Byard ^ al., 1989 Perusse ^ al., 
1989; Province et al., 1989; Rice et , 1989; Province et 
al. , 1990; Rice et al., 1990; Majumdar ^ al.,1990; 
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Sharma £t al. , 1991). The familial component for blood 
pressure and hypertension is well established. However, the 
controversy exists as to whether there is a major gene 
effect modified by environmental factors (Piatt, 1967), or 
the multifactorial inheritance pattern predominantes 
(Pickering, 1967). Nevertheless, the multifactorial 
environmental background for blood pressure and the polyge-
nic/mixed models have been accepted by most of the 
researchers (McKusick, 1975; Longini et , 1984; Province 
and Rao, 1985). Perusse et (1989) and Rice et al., 
(1990) suggested, through the Commingling segregation 
analysis and path analysis that the dominant gene is 
responsible for hypertension although the risk factor is not 
expressed in the childhood and, which may subsequently be 
expected to differentiate the phenotype in the later years 
of life span.. While Byard ^ al., (1989) argued that the 
environmental and genetical model is more consistent for 
diastolic blood pressure in comparision to systolic blood 
pressure. Intergenerational differences, were well found for 
genetic heritabilities with higher estimates for the 
offspring than for the parents. Therefore ,the homogeneous 
environment and dominance deviations are the reason for such 
differences among the children. The intergenerational 
differences in genetic heritabilities are the specific types 
of gene-environment interactions which effectively decrease 
the heritability as a function of age that some genes may 
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well turn off over age or some other genes may express them-
selves at different ages (Rao et al./ 1984; Perusse et al. / 
1989; McGue et a]^ . , 1989). Several approaches, such as social 
and environmental factors, viz. age, sex, social status, 
diet and the consanguinity have been considered to explain 
the effects of these factors on blood pressure, specially 
among groups of children (Padmavati and Gupta, 1959; Wilson, 
1958; Singh ^ al. , 1968; Indrayan et , 1972a,b; Dube et 
al., 1975; Voors et al. , 1976; Goldring et al., 1977). 
Goldring et a]^ ., (1977) have shown in their study a signifi-
cant racial effect on blood pressure among children and 
adults. 
The average blood pressure is higher among black 
children as compared to the white group, but adults are more 
hypertensive. This shows a reverse tendency. However, the 
inbreeding approach to study the genetics of blood pressure 
has immense importance, because inbreeding leads to change 
of mean and direction of homozygotes and genotypic segrega-
tion. Previous other studies on blood pressure with inbree-
ding have not properly recognised the non-linear effect on 
mean. In spite of this, however, these works show a 
consistent increase of diastolic blood pressure with 
inbreeding in children of different age groups (Table II). 
This suggests that some recessive genes with positive 
effects may be the cause for higher pressure in children. 
The present analysis supports this hypothesis. Based on the 
results of the present work the assumption of selective 
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mechanisms against homozygotes is reasonable in order to 
account for the observed effect of inbreeding on systolic, 
diastolic and mean arterial blood pressures. The importance 
of genetic component of blood pressure is clearly seen in 
the connection of the present observation. Theroforo the 
inbreeding and blood pressure associations deserve further 
study in order to elucidate their nature and casuses. 
(2) The socio-economic status have the positive correlation 
with inbreeding which have been shown between farming and 
non-farming populations in Japan (Neel et a]L. , 1970), Italy 
(Barrai et . / 1964) and India (Mukherjee et , 1974, 
1977). Cavalli-Sforza and Bodmer (1971), Wolanski (1977) and 
others have a lingering doubt that the observed depression 
are still influenced by environmental factors. However, the 
direction of change of mean due to inbreeding appears to be 
the same in the above cases. 
In the present work, we have removed the influence of 
environmental factors or socio-economic interference in two 
ways; (I) by studying the inbreeding effects in dermatolo-
glypic traits which are not influenced by social and 
physical environment ane (II) choosing inbred and non-inbred 
subjects and carefully matching from the same kindreds who 
are relatives or neighbours having occupational homoyeneity 
for the same income and property. The present data have bfjen 
taken from controlled gene E^ ool due to the same endogat.ious popula-
tion. All data have cousin-matched controls and different i 
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were taken with about equal or comparable samples with age 
matched. Therefore, consistent change of mean with 
inbreeding in such a group of data should provide evidence 
of inbreeding effects which can not be explained by environ-
mental factors •alone. 
The approach which is utilized in the present study of 
inbreeding effects on finger dermatologlyphics, has an 
iramence importance for genetic study because this trait is 
not influenced by any environmental factors. The present 
results of slight but non-significant rise of mean trNF 
suggest the possible involvement of non-dominant genes for 
different finger patterns, though the amount of recessive-
ness of the involved genes, if present, must be small. The 
genetic variance (V^) would increase at the rate of F only, 
if the genes are all additive; so that ^^ have positive 
direct correlation with frequencies of the recessive genes 
(Mather, 1949; Falconer, 1960; Slatis and Hoene, 1961) and 
environmental variance. Similarly V^ again would decrease 
with inbreeding, if there are dominant genes with low 
frequencies (Wright, 1952; Reid, 1973). It has been seen 
that the inbreeding effects on phenotypic variance (Vp) of 
anthropometric, physiometric and psychometric traits in man 
are not conistent with linear increase of the F in all 
available data ( Slatis and Hoene, 1961; Schork, 1964; 
Barrai et al. , 1964; Schull and Neel, 1965; Schreider, 1967; 
Neel et al., 1970; Martin, ^ , 1973; Lakshmanudu, 1980; 
Mukherjee, 1990a). In earlier studies the phenotypic 
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variance (Vp) increases in case of high inbreeding 
(F:>0.0625) as the mean decreases (Mukherjee, 1984) where as 
Vp decreases v/ith the low F (0 < F <0.0625) as compared to 
non-inbred (F=0) Therefore, it could be concluded that 
selection is influenced^ even in low inbreeding. Beyond 
selection epistasis can cause nonlinearity c5n effects of 
inbreeding (Kempthorn, 1955,1957; Crow, 1958; Crow and 
Kimura, 1970). So epistasis has not been excluded out for 
dermatoglyphics. The present analysis of the data shows an 
increase of extreme pattern and symmetry of fingers 
dermatoglyphic, which are of value in detecting individuals 
homozygous for the respective genes. 
(3) In the present data certain non-significant change of 
means, especially in head length and breadth, connot be 
accepted as unequivocal evidence against inbreeding 
depression. This exception may be explained by inadequate 
samples in specific age groups in view of small amount of 
linear effects as expected. 
(4) On the whole, relatively greater amounts of inbreeding 
effects are apparent among all measures of intelligence 
quotient and blood pressures (systolic, diastolic) compared 
to the anthropometric or dermatoglyphic traits. Inbreeding 
depression in blood pressures, in which elevation of the 
means leads to reduction of physiological efficiency,' is 
pronounced, quite possibly, due to the presence of. an 
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average amount of the recessive effects of the genes. While 
this result was consistent with data from children in 
several other studies, it does not agree with the suggestion 
of lower mean values in case of relatively more inbred 
adults. A possible hypothesis of reversal of the effects of 
recessive genes has been proposed, on certain types of data 
on blood pressures. 
(5) A general trend of similar results in different age 
groups in both sexes and matched data of different F, 
suggest a consistency of the effect of recessive genes of 
different kinds for traits within the age-range of 6 to 11 
years. 
(6) The change of mean for different traits, is, however, 
not always proportional to the degree of inbreeding. Inbree-
ding effects have both linear and non-linear components. The 
linear component is the result of recessive effect of 
relevant genes. But the non-linear change of means is due to 
other factors which disturb the trend of inbreeding effects. 
(7) It may be assumed that inbreeding has intensified 
the natural selection. Selection' ^ has also been suggested 
for modifying genes favouring heterozygotes, reduce 
fertility of small sized parents, small body size, foetal 
loss and mortality among inbred. Selection can also explain 
declaration of the rate of depression in case of higher F. 
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(8) A non-linearity of the increase of pattern intensity and 
the proportion of whorl patterns on fingers with inbreeding 
cannot, of course,be so easily attributed to selection. This 
non-linearity is again more pronounced among the females in 
which the average effects of inbreeding on meam" trNF is 
greater than males. This may suggest an additional influence 
of X-linked inbreeding in females and perhaps an epistatic 
interaction,which increases especially among females. 
(9) Beyond the sample fluctuation, the present results show 
an increase of variance with the degree of inbreeding. The 
non-linear effects of inbreeding variance, as has been 
observed in few Indian populations, do not appear to be 
marked in the present series of samples, perhaps due to the 
absence of samples with very high inbreeding (F >0.0625) 
level. 
(10) The inbreeding effects on the change of means and 
variance of the different traits suggest that the change of-
variance mostly depends on the frequency of additive genes, 
while the change of means depends on the occurrence of 
dominant/recessive genes. 
(11) The percentile curves do not reflect any change with 
inbreeding in the mean magnitude of annual growth in 
physical measurements studied or in that of annual develop-
ment of blood pressure. But in each age, the absolute growth 
or development among the inbred shows the change of means 
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with inbreeding discussed earlier. Thus it is doubtful if 
there is any dominant/recessive gene for growth rate^or rate 
of change of blood pressures in the growing children. 
Further studies would be needed to verify the effect of 
inbreeding on additive genes, if any, for those magnitudes. 
(12) The frequency distribution of different anthropometric 
and psychometric traits indicates an increase in frequencies 
of lower values with inbreeding. On the other hand, 
inbreeding leads to an increased frequency of blood 
pressure' in the higher range. This analysis confirms the 
suggestion of recessive genes to be contributing, to lower 
values of anthropometric and IQ measurements, and that for 
higher values of blood pressures in these children. It is 
noticed that the segregation of homozygotes for both higher 
and low values and the low frequencies of values in the 
middle of the range as earlier seen in respect of anthropo-
metric traits in adults, is not apparent in these children. 
This raises a problem of further research about the age and 
environmental effects on dominance/recessive interaction 
between alleles. 
(13) Dermatoglyphic patterns on fingers, however, clearly 
show a segregation of homozygotes for both high and low 
intensity patterns i.e., whorls with two triradii and arches 
with no triradii. The patterns with one triradii, as a 
whole, are reduced with inbreeding, consistently in each 
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sex. This agrees with earlier studies and confirms large 
additional effect of genes for finger print patterns. But/ if 
the individual pattern types are considered/ it appears that 
the radial components of the patterns {i.e., radial loops 
plus radial loops with whorls) exceed with inbreeding and 
more markedly in females. This effect might be considered 
as recessive from this point of view. 
These results suggest the importance of studying 
genetic composition of population structures/ while 
examining population or sex differences in various 
characters. 
(14) The results of the present work have thrown light on 
the nature and mechanism of genetic effects of inbreeding on 
certian quantitative traits in man. This may also provide 
new insights for further investigations on this line. Non-
significant and opposite results are sometimes due to 
inappropriate samples. So with a view to study the metric 
traits/ one should need the adequate data from different 
degrees of inbreeding, specially from higher levels of 
inbreeding. It may also be useful to testify the effects of 
directional selection for inbreeding effects. 
Therefore, it may be concluded here that the results of 
comparative studies of inbreeding effects, especially on 
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mean and distribution of traits, appear to open a further 
possibility of using inbreeding studies for the genetic 
analysis of quantitative traits, such as to find out the 
amounts of recessive effects of genes for different traits 
and the genotype and gene frequencies of the traits in the 
populations. The analysis and results of the present thesis 
may call for further research for quantitative traits 
through inbreeding in the population in general. 
* * * * * 
* * * 
* 
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